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PREFACE 
In the field of global modelling, IIASA has assumed a monitoring role. 
Whenever a major global model reached a state of completion, IIASA convened 
an international conference of scholars working in this field to  discuss the 
assumptions, methodology and findings of the model prior t o  its final publi- 
cation. 
The first two IIASA global modelling conferences dcalt with "Mankind 
at  the Turning Point" (AprilIMay 1974) and the "Bariloche Model" (October 
1974). respectively. The subject of the their global modelling conference is 
"MOIRA" that is concerned with problems in the field of food and agriculture. 
The model was developed by a group of scholars from the Netherlands. 
This topic is of particular interest to  developing nations, and IIASA is 
greatly indebted to  the United Nations Environment Programme for its sup- 
port of this conference. As a result. IIASA was able to  field the conference 
on a much broader scale and t o  include as participants a large number of ex- 
perts from developing nations.. Their contributions proved to  be of great 
importance, allowing an examination and discussion of the methodological 
framework of the models directly from a viewpoint of the needs of these 
nations. 
These proceedings include invited papers and discussions; abstracts and 
reference to  full publications are given for those papers that have been pub- 
lished elsewhere. Additional papers submitted to  the Conference are available 
from IIASA as pre-prints; a list of these is given in Appendix 3. 
Permission from the copyright holders to  reproduce some of the papers 
and a number of figures in these proceedings is gratefully acknowledged. 

Table of Contents 
Address to the Conference 
J. Gvishiani . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Welcome and Introduction to IIASA 
Roger Levien . . . . . . . . . . . . . . . . . . . . . . . . 5 
Introduction to the Conference 
F e r e n c R a b a r . . . . . . . . . .  . . . . . . . . . . . . . . .  11 
Food for a Growing World Population 
J. De Hoogh, M.A. Keyzer, H. Linnemann, H.D.J. Van Heemst . . 13 
Summary of the Discussion on MOIRA 
Gerhar t Bruckmann . . . . . . . . . . . . . . . . . . . . . . 45 
Modelling of Production, Utility Structure, Process and 
Technological Change 
Roman Kulikowski . . . . . . . . . . . . . . . . . . . . . . . 57 
A World Agricultural Model: An Input-Output Research Proposal 
Anthony Bottomley, Donald Nudds, John Dunworth, 
Douglas Jeffery, David Taylor . . . . . . . . . . . . . . . . 59 
Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 
A Two-Level Multi-Nation Model for Development Planning 
Y. Kaya, A. Onishi, H. Ishitani . . . . . . . . . . . . . . . 85 
Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149 
A Conceptual Overview of Agricultural Models 
Donella H. Meadows . . . . . . . . . . . . . . . . . . . . . . 151 
Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171 
Sensitivity Analysis of the Food Model (Latin American World Model) 
Gilberto C. Gallopin . . . . . . . . . . . . . . . . . . . . . 173 
Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185 
The Problems of Food Production in Certain Asian Countries 
P.C. Roberts, D. Norse . . . . . . . . . . . . . . . . . . . . 187 
Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207 
From Development to Implementation: Activities of the 
Mesarovic-Pestel Project During 1974-75 
John M. Richardson, Jr. . . . . . . . . . . . . . . . . . . . 209 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Discussion 211 
Food Problems and International Trade in Cereals 
Gilbert Etienne . . . . . . . . . . . . . . . . . . . . . .  213 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Discussion 219 
International Food Fund (IFF) Concept 
. . . . . . . . . . . . . . . . . . . . . .  NakeM.Kamrany 221 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Discussion 227 
World Agriculture: Reassessment of Trends and Policies 
Fred H . Sanderson . . . . . . . . . . . . . . . . . . . . .  229 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Discussion 251 
An Analysis of the World 3 Agricultural Submodel 
W . Thissen . . . . . . . . . . . . . . . . . . . . . . . . .  255 
Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . .  273 
Panel Discussion 
Ferenc Rabar . . . . . . . . . . . . . . . . . . . . . . . .  275 
Global Modeling of Food and Agriculture: Background to 
A Possible Approach 
George E . Rossmiller. Glenn L . Johnson. Martin E . Hanratty . 285 
Modelling Food Production: An Attempt to Assess Various 
Approaches 
Adolf Weber . . . . . . . . . . . . . . . . . . . . . . . .  313 
Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . .  315 
General Evaluation 
Gerhar t Bruckrnann . . . . . . . . . . . . . . . . . . . . .  317 
Appendixl-Agenda . . . . . . . . . . . . . . . . . . . . . . .  323 
Appendix 2 . List of Participants . . . . . . . . . . . . . . . .  325 
Appendix 3 . List of Additional Papers . . . . . . . . . . . . .  331 
Address to the Conference 
J. Gvishiani 
Ladies and Gentlemen, I was very much impressed listening to the discus- 
sions here today. I am sorry that, unlike other members of the Council, I 
had no opportunity to be with you earlier. Needless to say, the Council and 
the Institute are very grateful to you for your contribution to an increased 
understanding of the possible role of IIASA. The studies that most of you 
are involved in have great significance for the future of our planet; I am 
sure that you do not need to be persuaded of the importance of this area of 
research. 
This Institute, as you know, is exceptional and unique, and is still in 
the development stage. We are trying to define the scope of our activities, 
and our influence on research that might be going on elsewhere; and we have 
concluded that our involvement in global studies such as those being discus- 
sed here should be strengthened. This was inevitable for an institution 
whose role is not to consider very abstract areas, but actually to implement 
something; that is why IIASA is the International Institute for Applied Sys- 
tems Analysis. Our research in methodology--which as you know is a most 
important project of the Institute--will help us to define more clearly what 
we mean by "applied" systems analysis. And I think that the significance of 
the discussions here transcends the substance of the problem we are here to 
discuss: we are not only investigating food and agriculture and methodolo- 
gies of global modelling, we are also seeking to enhance our understanding of 
what is lacking in international cooperation so that we can promote substan- 
tial progress in this sphere. 
Many attempts of this kind are being made: this is our third meeting, 
there are other meetings, there is the work of the Club of Rome and other 
groups. More and more scholars are entering this field, but all complain 
that there is a lack of data and a lack of specific methodologies. It might 
be the role of the Institute to help, formally and informally, to bring 
together the scattered forces devoting themselves to these complex problems. 
We have another advantage though perhaps it is not yet being adequately ex- 
ploited: we can bring together different cultures, different values, differ- 
ent perceptions, and so try to make a scientifically independent assessment. 
May I just say a few words without entering into methodological areas 
too deeply. My own feeling--and I think some of you have commented in this 
direction--is that we will surely have a system of models, or if you wish a 
hierarchy of models, rather than a single model so comprehensive and exten- 
sive as to be all-inclusive. Today, with all the advantages and disadvan- 
tages of various models, we can try to identify the interaction between dif- 
ferent classes of problems, of different magnitudes or levels of abstraction. 
Owing to the lack of knowledge or the lack of systematization of existing 
knowledge, scholars are faced with the choice of proceeding, knowing that 
the scientific background in a given area is inadequate, or of not going 
ahead at all. From this point of view, I feel that the Institute might be 
of great help, perhaps in cooperation with UNEP--such suggestions have been 
made several times--or perhaps with other institutions, both international 
governmental and national non-governmental, to collect objective data cover- 
ing the whole spectrum of problems. This is something that the world scien- 
tific community must strive for, since we must necessa~ily reassess existing 
methodologies systematically. Along such objective lines one might then 
build up an understanding of evolution and future development. 
I want particularly to emphasize--and this was always my reaction when 
faced with other models--that the omission of social and political trends 
practically makes a model senseless: these considerations, whether really 
normative to any degree, must be included. On the other hand, we realize 
how difficult it is to apply scientific methodology to forecasting in socio- 
political areas, though we may have to face the necessity of doing so. Thus 
I come back to my conviction that there must be a hierarchy of models, the 
most general of which--a really global model--inevitably has to be rather 
abstract. It should not include too many single facts known today, or which 
we might discover tomorrow we must bring facts into a more or less compatible 
form, bring them into the same class. Only then can we hope to understand 
real interactions and explain the behavior of the model as a whole. 
Moreover, I feel that this model must be descriptive. If it is suffi- 
ciently descriptive, it is global, that is, at the highest level: a model 
of what is known today and how we can systematize the knowledge. The model 
itself is not the target; rather, it is an attempt to increase our under- 
standing to the greatest degree possible, so that we can see the situation 
of the world as a whole. And then we must have a number of more normative 
models where directly or indirectly we are calling for certain actions. 
Here it will depend on existing knowledge, and our ability to systematize 
it and go ahead. This at least is the direction taken at the Soviet Academy 
of Sciences, where we tried on both the regional and the national level to 
develop forecasts that integrate the socio-political aspects into the socio- 
economic picture and take all natural resources into account. 
If we are dealing with a very big, large-scale model--one model with 
which we seek to explain everything--we will inevitably be trying to deal 
with too many facts. And so we thought it might be promising to reassess 
our knowledge by using sectoral models, without attempting to interpret or 
forecast. I like the expression I have heard here: "conditional forecast- 
ing**-- the conditional being derived from independent assessment of trends 
rather than from what we interpret into the model. Global modelling really 
forces a new outlook, a new approach. We are still in some measure slaves 
of the outlook we were born and raised with, but perhaps never before has a 
problem so urgently called for a new methodology. The real scholar--and 
this is how we want it at IIASA--will not come with certain prejudices and 
certain a priori knowledge; he will be objective, and open to the outcome 
of research. We want a team of scientists who do not limit themselves to 
in-house research but cooperate with interested national and international 
institutions in an effort to cope more systematically with the problems we 
all face. 
Thus for an assessment of existing knowledge, we need a descriptive 
model, a global model; and then a number of subsystems, more specific models, 
become the subject of further investigation. So today we have chosen a 
s p e c i f i c  t o p i c  f o r  the  t h i r d  conference. Even a t  t h i s  l e v e l  we s e e  how 
ex tens ive ly  i t  i s  i n t e r r e l a t e d  with o ther  problems. This  i s  much l i k e  what 
is  happening w i t h i n  IIASA i t s e l f ,  what we a r e  s t r i v i n g  f o r :  a  r e d e f i n i t i o n  
of t h e  research  program of t h e  t h r e e  y e a r s  of our  ex i s tence .  
I s i n c e r e l y  a p p r e c i a t e  your at tendance here ,  and we w i l l  be happy t o  
have your advice--not only i n  t a c k l i n g  t h e  ques t ions  t h a t  a r e  t h e  t o p i c  of 
our conference, b u t  a l s o  on t h e  r o l e  t h i s  unique i n s t i t u t i o n  should play. 
On behalf of t h e  Council,  may I again express  my g r a t i t u d e  and wish you a l l  
success  i n  your research .  I hope t h a t ,  meeting you here ,  we may e s t a b l i s h  
c l o s e r ,  more formal con tac t s  t h a t  may h e l p  us t o  dea l  wi th  the important 
problems we a l l  f ace .  
Thank you, M r .  Chairman. 

Welcome and In t roduc t ion  t o  IIASA 
Roger Levien 
Thank you very much, Professor  Bruchann.  I j o i n  you i n  welcoming every- 
body and i n  expressing IIASA1s p leasure  a t  hos t ing  t h i s  t h i r d  symposium on 
g l o b a l  modeling. I suppose most of you a r e  f a m i l i a r  wi th  our previous 
a c t i v i t i e s ,  bu t  f o r  those who a r e  here  f o r  the  f i r s t  t ime, l e t  me simply 
r e p o r t  t h a t  our  f i r s t  g loba l  modeling conference was h e l d  i n  t h e  spr ing  of 
1974 and was concerned wi th  t h e  Pestel-Mesarovic model; our  second conference 
he ld  i n  t h e  f a l l  of 1974 was concerned wi th  t h e  ~ u n d a c i 6 n  Bari loche model. 
Each of t h e  models was doubly g loba l :  "global" i n  geographic e x t e n t  and i n  
t h e  number of s e c t o r s  considered--each includes populat ion,  energy, resources  
and environment. Today, we a r e  turning our a t t e n t i o n  t o  s i n g l y  g loba l  models-- 
t h a t  i s ,  models t h a t  a r e  g loba l  i n  geographic ex ten t  bu t  t h a t  focus a t t e n t i o n  
on one s e c t o r ,  t h a t  of food and a g r i c u l t u r e .  
This  i s  an e s p e c i a l l y  appropr ia te  t o p i c  f o r  IIASA t o  consider  a t  t h i s  
s t a g e  i n  our development. In  a  few weeks we w i l l  c e l e b r a t e  our t h i r d  b i r t h -  
day. I n  October 1972, r e p r e s e n t a t i v e s  of twelve Academies of Sciences and 
s i m i l a r  s c i e n t i f i c  o rgan iza t ions  met a t  t h e  Royal Society i n  London and 
s igned IIASA1s Charter .  I n  t h e  period s i n c e  then two a d d i t i o n a l  n a t i o n a l  
o rgan iza t ions  have joined the  I n s t i t u t e .  IIASA i s  now a  non-governmental 
s c i e n t i f i c  research  i n s t i t u t i o n  founded and supported by member o rgan iza t ions  
i n  f o u r t e e n  c o u n t r i e s .  These a r e  t h e  Academies of Science of t h e  United 
S t a t e s  and the  Sovie t  Union, and Academies o r  s i m i l a r  i n s t i t u t i o n s  i n  t h e  
United Kingdom, Poland, t h e  Federal  Republic of Germany, t h e  German Demo- 
c r a t i c  Republic, France, Czechoslovakia, I t a l y ,  Hungary, Japan, Bulgaria ,  
Canada, and our  h o s t  na t ion ,  Aus t r ia .  But our  concerns extend beyond these  
f o u r t e e n  c o u n t r i e s .  They a r e  universaZ i n  t h e  sense  t h a t  we a r e  concehned 
wi th  i s s u e s  t h a t ,  a l though they l i e  wi th in  n a t i o n a l  boundaries a r e  shared by 
a l l  n a t i o n s ;  and gZobaZ i n  t h e  sense t h a t  we s tudy i s s u e s  t h a t  c u t  ac ross  
n a t i o n a l  boundaries and cannot be resolved by ind iv idua l  a c t i o n s  of a  s i n g l e  
n a t i o n .  I n  t h e  t h r e e  years  s i n c e  t h e  Charter  was s igned,  IIASA has grown 
from a  s t a f f  comprising a  small group of s c i e n t i s t s  i n  May 1973, t o  a  s t a f f  
t h a t  now c o n s i s t s  of about seventy s c i e n t i s t s .  Of course,  t h e r e  i s  a  con- 
t inu ing  flow and f l u x  of s c i e n t i s t s  from d i f f e r e n t  c o u n t r i e s ;  b u t  on t h e  
average we have seventy s c i e n t i s t s  coming from a l l  our  four teen  member 
c o u n t r i e s ,  a s  wel l  a s  from a  number of o t h e r  c o u n t r i e s .  Our annual budget 
has  grown t o  over 100 m i l l i o n  Austr ian s c h i l l i n g s  (about U.S. $6 mil l ion)  
and our  research  program has grown from one t o  eleven p r o j e c t s .  
The i n i t i a l  t h r e e  year "s tar t -up" period a t  IIASA i s  drawing t o  a  c l o s e ,  
and we a r e  i n  t h e  process  of review from which we hope t o  l e a r n  from t h e  
experience of these  f i r s t  t h i r t y - s i x  months, i n  o rder  t o  plan more e f f e c t i v e l y  
f o r  the f u t u r e .  Several  f a c t s  have become c l e a r  t o  us  from t h i s  review of 
p a s t  experiences.  F i r s t ,  wi th  t h e  c u r r e n t  s i z e  of the p rofess iona l  s t a f f  
and t h e  budgets we a r e  l i k e l y  t o  have i n  t h e  f u t u r e ,  t h e  i n i t i a l  eleven 
p r o j e c t s  r e p r e s e n t  too broad a  d i v e r s i f i c a t i o n  of our  s c i e n t i f i c  program. 
We must now seek  t o  c o a l e s c e  them, t o  b r i n g  them t o g e t h e r  i n t o  n a t u r a l  
g roup ings  s o  t h a t  we can c o n c e n t r a t e  on t r u l y  impor t an t  i s s u e s .  Second, 
t h e  t o p i c s  t h a t  we d e f i n e  i n  any grouping have t o  b e  b rough t  t o g e t h e r  i n  
such a  way t h a t ,  even though we may reduce  t h e  number of p r o j e c t s  from 
e l e v e n  t o  pe rhaps  f o u r  o r  f i v e ,  we can f a c i l i t a t e  i n t e r a c t i o n  and i n t e g r a t i o n  
among t h i s  s m a l l e r  number. And t h i r d ,  we have t o  f o c u s  a t t e n t i o n  on exami- 
n i n g  a l t e r n a t i v e  s t r a t e g i e s  f o r  meet ing t h e  growing and changing f u t u r e  
demands, under  t h e  c o n s t r a i n t s  imposed by our  d e s i r e  t o  have a  p u r e  env i ron-  
ment,  a  s t a b l e  s o c i a l  sys tem,  and s a t i s f a c t o r y  economic c o n d i t i o n s .  Fu r the r -  
more, we must h e l p  t o  develop t h e  methodologies  by which o t h e r s  can s h a r e  
t h i s  q u e s t  b o t h  on a  g l o b a l  s c a l e  and w i t h i n  t h e i r  own homelands. 
At p r e s e n t ,  we s e e  t h e  beg inn ings  of some c l u s t e r i n g .  L e t  me u s e  t h e  
d e s c r i p t i o n  of t h e s e  c l u s t e r s  a s  a  way of t e l l i n g  you abou t  o u r  c u r r e n t  re-  
s e a r c h  program and t h e  d i r e c t i o n  of t r a n s i t i o n .  A t  p r e s e n t ,  we a r e  i n  t h e  
p r o c e s s  of r e s e a r c h  p lann ing ,  s o  what I say  today may change tomorrow. I 
hope you w i l l  unde r s t and  t h a t  I am d e s c r i b i n g  a  p o i n t  on a  t r a j e c t o r y .  
One i m p o r t a n t  c l u s t e r  is  t h a t  of s t u d i e s  concerned w i t h  p o p u l a t i o n ,  
human r e s o u r c e s ,  and human s e t t l e m e n t s - - t h a t  i s ,  t h e  way human b e i n g s  a r e  
grouped on t h e  e a r t h ' s  s u r f a c e .  Two p r o j e c t s  i n  t h i s  a r e a  a r e  c u r r e n t l y  
underway a t  IIASA: one on urban and r e g i o n a l  sys tems,  and t h e  o t h e r  on bio-  
med ica l ,  o r  h e a l t h  c a r e  sys tems.  We a r e  drawing them t o g e t h e r  a s  p a r t  of 
a  b r o a d e r  conce rn  f o r  human r e s o u r c e s  and p a t t e r n s  of  d i s t r i b u t i o n  on t h e  
g lobe .  
A  second c l u s t e r  of conce rns  i s  t h e  i s s u e s  t h a t  a r i s e  b o t h  from t h e  
management of t h e  l a r g e  p u b l i c  and p r i v a t e  o r g a n i z a t i o n s  t h a t  a f f e c t  o u r  
l i v e s  and a r e  t h e  i n s t r u m e n t s  of o u r  o b j e c t i v e s  and g o a l s ;  and from t h e  
management of technology.  Thus we a r e  forming an  a r e a  t h a t  f o c u s e s  on 
management and technology,  and w i l l  b r i n g  t o g e t h e r  economists ,  management 
s c i e n t i s t s ,  and e n g i n e e r s .  At p r e s e n t  we have two p r o j e c t s  t h a t  w i l l  
become a  p a r t  of t h i s  a r e a ,  one on l a r g e  o r g a n i z a t i o n s  t h a t  has  c a r r i e d  o u t  
r e t r o s p e c t i v e  s t u d i e s  of l a r g e  r e g i o n a l  development p r o j e c t s ;  and one on 
i n t e g r a t e d  i n d u s t r i a l  sys tems t h a t  has  looked a t  i n t e g r a t e d ,  m u l t i - l e v e l  
management i n  t h e  s t e e l  i n d u s t r y .  
A t h i r d  c l u s t e r  is concerned w i t h  r e s o u r c e s  and environment .  Obviously ,  
t h i s  i s s u e  is  a t  t h e  c e n t e r  of  i n t e r e s t  of t h i s  confe rence .  We have t h r e e  
p r o j e c t s  t h a t  f i t  w i t h i n  t h i s  grouping.  The Ecology and Environment P r o j e c t  
has  sough t  t o  deve lop ,  through a  s e r i e s  of c a s e  s t u d i e s ,  a  s c i e n c e  of eco- 
l o g i c a l  sys tem management. Many of you may know of t h e  work of C.S. H o l l i n g  
and h i s  group on t h e  management of f o r e s t  p e s t s  i n  Canada, of salmon f i s h i n g  
i n  t h e  P a c i f i c ,  and of Alpine  e c o l o g i e s  i n  A u s t r i a .  A  second p r o j e c t  d e a l s  
w i t h  w a t e r  r e s o u r c e s ,  and looks  a t  t h e  management of  r i v e r  b a s i n s .  T h i r d ,  
t h e  Food and A g r i c u l t u r e  P r o j e c t ,  under  t h e  l e a d e r s h i p  of P r o f e s s o r  Ferenc 
Rabar of Hungary, w i l l  be of p a r t i c u l a r  i n t e r e s t  t o  t h i s  confe rence .  T h i s  
i s  a  beg inn ing  p r o j e c t  t h a t  we hope w i l l  grow and expand o v e r  t h e  coming 
y e a r s  t o  become a  major  c r o s s - c u t t i n g  theme a t  t h e  I n s t i t u t e .  Most of you 
w i l l  have t h e  o p p o r t u n i t y  t o  speak w i t h  P r o f e s s o r  Rabar d u r i n g  t h i s  coming 
week, and I hope t h a t  t h e r e  w i l l  b e  o p p o r t u n i t i e s  f o r  c o n s u l t a t i o n s  s i n c e  
we a r e  now a t  t h e  c r i t i c a l  s t a t e  of i n i t i a l  p l ann ing  f o r  a  l a r g e  program i n  
food and a g r i c u l t u r e .  H i s  work r e p r e s e n t s  t h e  p o i n t  of a  wedge, which I 
hope w i l l  expand v e r y  r z p i d l y  d u r i n g  t h i s  coming y e a r .  Cont inuous  and ex- 
t e n s i v e  e f f o r t s  w i l l  b e  made t o  review c u r r e n t  p o l i c y  i s s u e s ,  t o  look a t  
what has been done worldwide in addressing food and agricultural issues, 
and to define at IIASA a long-term program in food and agriculture. 
The fourth grouping is concerned not so much with the applied policy 
aspects of our research, but with the methodological issues that cut across 
each of our probes into major policy areas. This group concentrates our 
interest on developing a science of systems and decisions. Currently we 
have two projects in this area. The Methodology Project was initially led 
by Professor George Danzig of linear programming fame; he was followed by 
Professor Tjalling Koopmans, the well-known mathematical economist, and later 
by Professor William Jewell. We have just welcomed Professor Michel Balinski, 
an applied mathematician from the United States, who will be staying with us 
for three years to develop a stable and broad-based methodological group at 
IIASA. The other project covers the computer sciences and has concentrated 
on computer networks and their role as tools of systems analysis both inter- 
nationally and within our own institution. This project is led by Dr. 
Aleksandre Butrimenko from the Soviet Union. 
I should say something about two other projects that do not fit into these 
four research areas. One is the category that we call General Activities. 
This is an important topic for us since it was under the leadership of the 
General Activities area at IIASA that our exploration, reconnaissance, 
and role as a catalyst and coordinator, or at lease disseminator of infor- 
mation about global modeling grew. The work on global modeling has gone on 
under the leadership of Professor Bruckmann and is now passing to Professor 
Rabar. The other project is one that I am close to personally. During 
my first year at IIASA I led the Survey Project which is concerned with 
developing a series of individual volumes on the international state-of-the- 
art of applied systems analysis. We have a number of initial volumes under- 
way, about six all together. One of these will be on the methodology of 
global modeling, which will be co-authored by Professor Rabar, and Dr. 
William Nordhaus from Yale. We hope there will be contributions from many 
of you at this conference. 
So, these are the groupings of IIASA's interests. As you can see, they 
are global in extent. The titles that I have mentioned span the sectors that 
one would be concerned with in any attempt at global modeling, or any inte- 
grated concern for future global development. Obviously, with seventy 
scientists we cannot hope to have depth in each of these areas. IIASA is not 
attempting to be self-contained, in the sense of having to do everything 
itself in each of these areas; rather it aspires to be the tip of an iceberg, 
the point where the work that is going on worldwide can be extended, used, 
and brought together. We can fulfill our role as a link among many teams 
represented here and elsewhere, and also we can add that additional in- 
crement of East-West exchange of scientific information. 
Now, as I said earlier, these four or five basic areas should be linked. 
We have in mind accomplishing this at two geographical levels. First, we will 
bring together investigations of resources, human settlement, and management 
and technology at a regional level. We are developing at IIASA a cross- 
cutting program on integrated regional development that will look at the 
interaction between industrial, urban, environmental, resource, and other 
sectors in the exploitation of regions, especially those with rich natural 
resource bases. This work has begun with two retrospective studies: the first, 
which began wi th  a  conference l a s t  October i n  Baden, was a  study of the  
Tennessee Valley Authori ty  experience i n  developing the  s i x - s t a t e  reg ion  
around t h e  Tennessee River v a l l e y  i n  t h e  United S t a t e s .  That was followed 
by a  f i e l d  v i s i t  by an i n t e r n a t i o n a l  team t h a t  looked c a r e f u l l y  a t  the  fo r ty -  
year  h i s t o r y  of the Tennessee Valley Authori ty ,  i t s  management techniques,  
and so  on. This  i n t e r n a t i o n a l  team i s  headed by Professor  Hans Knop from 
the  German Democratic Republic. Some of the  s tudy team members a r e  h e r e  today; 
you might want t o  speak wi th  them about t h i s  work. They inc lude  Academician 
Abel Aganbegyan from Novosibirsk; Professor  G a v r i i l  Popov from Moscow S t a t e  
Univers i ty ;  and Professor  Andrzej S t raszak  from Warsaw. They a r e  a t  p resen t  
completing t h e i r  s t a t u s  r e p o r t ,  which w i l l  be  given l a t e r  t h i s  week; publ i-  
c a t i o n  w i l l  fol low.  What is  more important from our  p o i n t  of view, i s  t h a t  
t h e r e  w i l l  be  a  second r e t r o s p e c t i v e  s tudy focused on t h e  Bratsk-Ilimsk dam 
development i n  Eas te rn  S i b e r i a .  This  s tudy i s  being organized and led by 
Academician Aganbegyan under Professor  Knop's o v e r a l l  l eadersh ip .  It w i l l  
begin wi th  an i n t e r n a t i o n a l  conference here ,  and w i l l  be followed next  summer 
by a  s tudy tour  i n  S i b e r i a .  These two r e t r o s p e c t i v e  s t u d i e s  of l a r g e  reg iona l  
development e f f o r t s  g i v e  us  a  base of experience from which t o  begin t o  con- 
s i d e r  t h e  methodological and organ iza t iona l  i s s u e s  of i n t e g r a t e d  r e g i o n a l  
development. 
To g ive  some cogency and p r a c t i c a l i t y  t o  t h i s  t a s k ,  we intend t o  work 
c l o s e l y  wi th  s c i e n t i f i c  o rgan iza t ions  i n  our member c o u n t r i e s  and elsewhere 
on p i l o t  s t u d i e s .  The f i r s t  of these  s t u d i e s  w i l l  be c a r r i e d  o u t  i n  Poland, 
where a  new reg iona l  development sou theas t  of Lublin,  i s  planned t h a t  w i l l  
e x p l o i t  major c o a l  resource.  Under Professor  S t r a s z a k ' s  l eadersh ip ,  we hope 
t o  have a  j o i n t  a s s o c i a t i o n  of the  P o l i s h  group working on t h i s  reg iona l  
development and t h e  IIASA group. There i s  a l s o  a  group i n  t h e  southwest of 
t h e  United S t a t e s  under the  l eadersh ip  of Professor  Allen Kneese t h a t ,  we 
hope, w i l l  a l s o  be  assoc ia ted  wi th  our s tudy.  We a r e  seeking a d d i t i o n a l  
reg ions  t h a t  can se rve  a s  p i l o t s  f o r  our  i n t e g r a t e d  r e g i o n a l  development 
study. One way to  b r i n g  together  the  many subtasks of our i n s t i t u t e  i s  t o  
combine them i n  i n v e s t i g a t i n g  the i n t e g r a t i v e  development of a  region.  
The second gographical  l e v e l  a t  which the  i n t e g r a t i o n  can occur ,  and 
t h e  obvious one of concern t o  those a t t end ing  t h i s  conference,  i s  the  g loba l  
l e v e l .  Here, too,  we hope t o  c u t  a c r o s s  the  s e p a r a t e  t a s k s  underway a t  
IIASA, and t o  address  i s s u e s  of g loba l  concern. Our t a c t i c s  d i f f e r  s l i g h t l y  
i n  t h i s  case.  One p o s s i b i l i t y  would be t o  s tudy s imultaneously,  i n  an i n t e -  
g r a t e d  way, the many s e c t o r s  a t  t h e  g l o b a l  l e v e l ,  a s  has  been done i n  the  
Meadows' models, t h e  Pestel-Mesarovic model, the  Bari loche model, and s o  on. 
A t  p r e s e n t ,  however, we have chosen t o  pursue a  s t r a t e g y  t h a t  focuses i n  
sequence on major s e c t o r s ;  a s  our resources  grow, we w i l l  add t o  them and 
a l s o  look a t  t h e  i n t e g r a t i v e  methodology. This  i s  i n  p a r t  an i n t e l l e c t u a l  
choice,  and i n  p a r t  a  p r a c t i c a l  choice.  The major p r o j e c t  a t  IIASA, t h e  
l a r g e s t  one, the  one which began f i r s t ,  and which has  had t h e  most publ ic  
exposure, and I th ink  i n  many ways has achieved t h e  deepest  s c i e n t i f i c  
r e s u l t s ,  has  been our Energy P r o j e c t ,  under t h e  l eadersh ip  of Professor  
Wolf Haefele ,  from t h e  Federal  Republic of Germany. This  p r o j e c t  looks a t  
energy i n  a  number of dimensions, bu t  has  i t s  major focus  on medium- and long- 
term energy s t r a t e g i e s  a t  the  g loba l  l e v e l .  Thus a t  t h e  Global l e v e l  we a r e  
now t r y i n g  t o  use  t h i s  major energy s tudy a s  an i n t e g r a t i v e  focus f o r  
a c t i v i t i e s  throughout t h e  I n s t i t u t e .  Soon, we w i l l  add t o  i t  our concern f o r  
food and a g r i c u l t u r e ,  developed under Professor  Rabar. And, a s  our  resources  
permit, we will add environment and other major global concerns. At the 
moment, our tactics are to focus deeply on particular sectors so as to under- 
stand them well and then to build up from that level to more aggregatiye 
studies. 
This conference is therefore timely in many ways for IIASA. We are 
currently planning a research program that has a global perspective, and a 
major food and agriculture focus. During the coming year we will build this 
study of global food and agriculture, do surveys of ongoing work, begin to 
do some modeling, data collection and problem identification. This 
Symposium is our way of giving a crystalized beginning to these efforts. We 
are looking forward to the discussions at the Symposium and to the recom- 
mendations and the information that the Symposium will provide. We welcome 
you and wish you success in the meeting today and for the rest of the week. 

In t roduc t ion  t o  the  Conference 
Ferenc Rabar 
IIASA i s  a young i n s t i t u t i o n  wi th  o ld  t r a d i t i o n s ;  one of these  t r a d i t i o n s  
i s  t h a t  of organizing conferences on g l o b a l  modeling. We a r e  proud t h a t  
s e v e r a l  g loba l  modeling e f f o r t s  have.been presented f i r s t  a t  IIASA. 
Three y e a r s  ago, Professor  Dennis Meadows held an informal  seminar 
w i t h i n  IIASA; h i s  g loba l  model was a l ready  well-known worldwide. The f i r s t  
modeling conference organized by IIASA was held i n  the  spr ing  of 1974 a t  
which P e s t e l  and Mesarovic presented f o r  the  f i r s t  time t h e i r  g loba l  modeling 
e f f o r t s .  The second conference held i n  t h e  f a l l  of 1974 was concerned with 
t h e  Fundaci6n Bari loche Model which was a l s o  presented f o r  the  f i r s t  time. 
This  t h i r d  conference aga in  introduces a new model, t h e  o u t l i n e  of which was 
presented a t  Alpbach. But, I th ink  t h a t  from the methodological po in t  of 
view, t h i s  w i l l  be the  f i r s t  time t h a t  exper t s  can d i s c u s s  the  t e c h n i c a l i t i e s  
of t h i s  model. Thus, t h i s  conference i s  a cont inua t ion  of o ld  t r a d i t i o n s .  
But no t  only the  t r a d i t i o n s  a r e  important ,  bu t  a l s o  the  changes. At t h i s  
conference we would l i k e  t o  introduce some s l i g h t  changes. I n  genera l ,  con- 
fe rences  c o n s i s t  of a loose bunch of papers read a s  monologues by d i f f e r e n t  
people t o  an audience of " l i s t e n e r s " .  What we would l i k e  t o  have here  i s  a 
dialogue,  a comparative eva lua t ion  of t h e  d i f f e r e n t  models. So we expect  
p a r t i c i p a n t s  t o  r e a c t  t o  each o t h e r ' s  remarks, t o  address  each o t h e r  and t o  
r e l a t e  t h e i r  problems t o  t h e  problems of o t h e r s .  I f  we th ink  i n  these  terms, 
you w i l l  understand how we t r i e d  t o  s t r u c t u r e  the  agenda. The f i r s t  day we 
w i l l  hear  t h e  p r e s e n t a t i o n  of t h i s  new world model, which i s  narrower than 
o t h e r  models s i n c e  i t  concent ra tes  only on food and a g r i c u l t u r e .  This  pre- 
s e n t a t i o n  w i l l  cont inue i n t o  the  second day, a f t e r  which we w i l l  hear  r e p o r t s  
of modeling e f f o r t s  by the Bottomley group i n  the  U.K. and by Kaya i n  Japan. 
On the t h i r d  day we w i l l  d i scuss  the submodels of food and a g r i c u l t u r e  t h a t  
have a l ready  been presented i n  t h e  d i f f e r e n t  g loba l  modeling e f f o r t s .  Comments 
w i l l  be heard from Donella Meadows, from r e p r e s e n t a t i v e s  of the Pes te l -  
lfesarovic group and of the Bari loche group. The af ternoon sess ion  of the 
t h i r d  day w i l l  be devoted t o  d i scuss ing  no t  only the  methodology but  a l s o  
the  var ious  aspec t s  of food and a g r i c u l t u r e  problems; we w i l l  a l s o  a s s e s s  
some of the  major problems i n  food and a g r i c u l t u r e  worldwide. Several  of 
the  papers  t o  be presented d e a l  s p e c i f i c a l l y  with t h i s  t o p i c ,  e s p e c i a l l y  
those of Et ienne and of Sanderson of the  Brookings I n s t i t u t i o n ,  where a 
model w i l l  be developed i n  food and a g r i c u l t u r e ;  a t  p resen t  the  I n s t i t u t e  
has completed a c l e a r  assessment of the  problem. 
On t h e  f o u r t h  day we w i l l  t r y  t o  summarize a l l  t h a t  has been accomplished 
i n  the previous days. We w i l l  hold a panel  d i scuss ion  a t  which the d i f f e r e n t  
models presented a t  the  conference w i l l  be compared and evaluated by those 
who presented them. 
I n  my opinion,  t h e r e  a r e  two necessary th ings  t o  bear  i n  mind. F i r s t ,  
those presen t ing  t h e i r  models should t r y  t o  r e l a t e  t h e i r  concepts t o  those 
of the other models already presented. They should try to clarify their 
assumptions contrary to others, to mention the implications of their models 
as compared to others, and so forth. I would like, therefore, to ask those 
who will make the presentations to think in these terms. 
A second point perhaps attacks the same problem from a different view- 
point. I would like to ask for the participation of those who are already 
well-known worldwide for their critique of global modeling. I mention here 
Professor Cole of the Sussex University, Professor Rademaker from Holland, 
and several other experts here who are equally outstanding and who know well 
all the global modeling efforts presented up to now. I ask them to listen 
to the different papers presented, bearing in mind these concepts, and to 
play the key role at the panel discussion. 
That is our general idea about the structuring of the agenda and about 
the techniques we would like to use during the discussions. Now it is time 
to begin with the presentation of the papers. 
Food f o r  a Growing World Populat ion 
J .  De Hoogh, M.A. Keyzer, H .  Linnemann, 
and H.D.J. Van Heemst 
l n t r o d u c t  i on 
1. The sudden s c a r c i t y  o f  important bas ic  foods and t h e  unprecedented 
p r i c e s  which have been asked on t h e  world market dur ing  t h e  l a s t  
few years have drawn t h e  p u b l i c ' s  a t t e n t i o n  t o  t h e  u n c e r t a i n t y  o f  t h e  
world food supply. In  1972 and 1973 d i s a p p o i n t i n g  harvests  caused major 
s h o r t f a l l s  i n  i n t e r n a t i o n a l  t rade,  and t h e  wor ld ' s  stocks ( p a r t i c u l a r l y  
o f  g r a i n s )  proved t o  be q u i t e  inadequate t o  absorb these shortages. The 
t r i p l i n g  o f  i n t e r n a t i o n a l  g r a i n  p r i c e s  which occurred i n  t h e  per iod  1972- 
1974 meant an enormous decrease i n  purchasing power, p a r t i c u l a r l y  f o r  t h e  
food impor t ing coun t r ies ,  and a l s o  caused food a i d  programmes t o  be 
strong1 y  reduced. 
Al l t h i s  formed t h e  reason f o r  t h e  World Food Conference he ld  by the  
UN i n  Rome i n  November 1974, where plans were devised by which the  world 
might  be b e t t e r  ensured agd ins t  the r l s k  o f  f l u c t u a t i o n s  i n  food produc- 
t i o n  (UN World Food Conference, 1974). 1 )  
However, hunger and m a l n u t r i t i o r i  are n o t  on ly  caused by s c a r c i t y  
and h igh  wor ld  market p r i ces ,  as has happened dur ing  t h e  l a s t  few years. 
Even i n  t imes o f  low i n t e r n a t i o n a l  p r i c e s  and inc reas ing  surpluses, as 
i n  t h e  1960s, large groups o f  the  wor ld  popu la t ion  a re  unable t o  o b t a i n  
s u f f i c i e n t  food. The s i t u a t i o n  on t h e  wor ld  market i s  a  very crude i n d i -  
c a t o r  o f  t h e  r e l a t i o n  between need and a v a i l a b i l i t y .  Condi t ions on na t iona l  
and regional  markets may be q u i t e  d i f f e r e n t  t o  t h a t  on t h e  wor ld  market. 
Moreover, t h e  markets show on ly  t h e  demand o f  t h e  wel l - to-do.  Those w i t h  
i n s u f f i c i e n t  purchasing power (incomes) may s t i l l  s u f f e r  hunger and mal- 
n u t r i t i o n  even though the  mdrket supply i s  f a i r l y  la rge  and p r i c e s  are low. 
2. Jus t  as o t h e r  commodities, food i s  n o t  d i s t r i b u t e d  on t h e  bas is  o f  
need bu t  on t h a t  o f  purchasing power. Many people i n  t h e  wor ld  a r e  so 
poor t h a t  they are unable t o  s a t i s f y  even t h e i r  most elementary needs f o r  
food. The g rea t  m a j o r i t y  o f  these people l i v e  i n  t h e  developing c o u n t r i e s  
where average incomes are low, p a r t l y  because t h e  level  o f  a g r i c u l t u r a l  
p r o d u c t i v i t y  i s  very low - and t h e  g r e a t e r  p a r t  o f  t h e  popu la t ion  i s  en- 
gaged i n  a g r i c u l t u r e .  Moreover, income d i s t r i b u t i o n  i n  such c o u n t r i e s  i s  
very unequal, and the  incomes o f  a  r e l a t i v e l y  la rge  p a r t  o f  t h e  popu la t ion  
a r e  below t h e  average. The amount o f  a v a i l a b l e  food i s  s t r o n g l y  dependent 
on domestic a g r i c u l t u r a l  ou tpu t .  This  a p p l i e s  t o  t h e  many small farmers 
who produce c h i e f l y  f o r  t h e i r  own use. But it a p p l i e s  a l s o  t o  t h e  develop- 
ing  c o u n t r i e s  whose means a re  i n s u f f i c i e n t  t o  a l l o w  them t o  Import i n  
such q u a n t i t i e s  t h a t  domestic food supply can be made independent o f  domes 
t i c  product ion.  Roughly two- th i rds  o f  t h e  wor ld ' s  popu la t ion  l i v e  i n  coun- 
t r i e s  t h a t  a re  so poor t h a t  they depend f o r  food c h i e f l y  on t h e  f a i r l y  low 
p roduc t ion  t h a t  takes p lace w i t h i n  t h e i r  own borders.  
Research i n t o  World Food Supply 
3. The occurrence o f  hunger and m a l n u t r i t i o n  i s  a  s t r u c t u r a l  problem 
which u n f o r t u n a t e l y  i s  l i k e l y  t o  ga in  i n  s e v e r i t y .  The s t r a i n e d  
r e l a t i o n s h i p  between food needs and food p roduc t ion  i s  l i k e l y  t o  be 
increased by t h e  r a p i d  popu la t ion  growth i n  the  developing coun t r ies .  
According t o  the  f i r s t  r e p o r t  drawn up on t h e  i n i t i a t i v e  o f  t h e  Club 
o f  Rome (Meadows, 1972):) t h e  world food supply - assuming a  cont inuous 
growth o f  popu la t ion  and i n d u s t r i a l  product ion - i n  t h e  course o f  t h e  
21st cen tu ry  w i l l  s t a l l  c a t a s t r o p h i c a l l y  against  t h e  n a t u r a l  l i m i t a t i o n s  
o f  a g r i c u l t u r a l  product ion. The second study (Mesarovie and Peste l ,  
1 9 7 4 ) ~ ) i s  a l s o  very somber i n  i t s  o p i n i o n  o f  f u t u r e  wor ld  hunger and 
m a l n u t r i t i o n .  
Since 1972, t h e  Economic and Social  I n s t i t u t e  o f  t h e  Free U n i v e r s i t y  
o f  Amsterdam has been engaged i n  i n v e s t i g a t i n g  by which f a c t o r s  t h e  
e v o l u t i o n  o f  product ion and t h e  use o f  food i n  va r ious  p a r t s  o f  t h e  world 
a r e  determined. This study i s  concerned p a r t i c u l a r l y  w i t h  t h e  year 2010, 
when t h e  wor ld ' s  popu la t ion  w i l l  be roughly  t w i c e  as l a r g e  as i n  1970. 
The research was i n i t i a t e d  on t h e  suggest ion o f  t h e  Club o f  Rome, and i s  
c a r r i e d  o u t  i n  c lose  cooperat ion w i t h  t h e  Centre f o r  Agrob io log ica l  
Research (CAB01 a t  Wageningen, t h e  Department o f  T rop ica l  S o i l  Science 
o f  t h e  A g r i c u l t u r a l  U n i v e r s i t y  o f  Wageningen, and t h e  I n s t i t u t e  o f  
A g r i c u l t u r a l  Economics a t  The Hag.e The study i s  based p r i m a r i l y  on 
FA0 data. 
4.  With in  t h e  framework o f  t h e  research much data have been compiled 
regard ing g loba l  product ion and consumption i n  t h e  base year 1965. 
A few f i g u r e s  a re  g iven  below and a l s o  i n  Tables 1 and 2: 
- i n  t h e  i n d u s t r i a l i s e d  na t ions  ( t h e  Western market economies and 
Eastern Europe i n c l u d i n g  t h e  USSR), which house 30 percent o f  t h e  
wor ld ' s  populat ion,  m r e  than h a l f  o f  t h e  wor ld ' s  food i s  produced 
and a l s o  consumed. Seventy percent  o f  t h e  w o r l d ' s  popu la t ion  t h e r e f o r e  
has t o  make do w i t h  less than h a l f  t h e  t o t a l  amount o f  food; 
- food product ion per head o f  t o t a l  popu la t ion  o f  a  country  i s  u s u a l l y  
h igher  i n  coun t r ies  w i t h  h igher  l e v e l s  o f  income and wealth. I n  
Nor th  America, f o r  example, s i x  t imes as much food i s  produced per  
head o f  popu la t ion  as i n  South Asia. Moreover, North America uses 
a  much sma l le r  percentage o f  i t s  working popu la t ion  t o  produce t h i s  
food than i s  t h e  case i n  South Asia; 
- per  c a p i t a  food consumption i n  a  country  i s  c l o s e l y  r e l a t e d  t o  t h e  
n a t i o n a l  per  c a p i t a  income. In  t h e  r i c h e s t  c o u n t r i e s  t h e  use o f  
vegeta l  raw m a t e r i a l s  i s  fou r  t imes as g rea t  as i n  t h e  poorest  
coun t r ies ;  expressed i n  c a l o r i e s ,  however, t h e  r a t i o  i s  1.5 : 1 
because i n  t h e  menu o f  t h e  r i c h  consumers t h e  share o f  animal products, 
f o r  example, i s  r e l a t i v e l y  large;  
- c a l c u l a t e d  per  head o f  t h e  wor ld  populat ion,  t h e r e  i s  s u f f i c i e n t  
food; i f  i t  were evenly d i s t r i b u t e d  no-one would need t o  s u f f e r  
d e p r i v a t i o n .  
5. There a r e  many techno log ica l  methods by which food product ion i n  
t h e  wor ld  can be increased. On t h e  bas is  o f  a  d e t a i l e d  inventory o f  
s o i l  c h a r a c t e r i s t i c s ,  r a i n f a l l ,  temperature and sunshine, t h e  Wageningen 
members o f  the  team Ii'lve c a l c u l a t e d  t h a t  - accord ing t o  na tu ra l  r e s t r i c -  
t i o n s  t o  t h e  growth o f  a g r i c u l t u r a l  crops - t h e  e a r t h  i s  capable o f  pro- 
Tab le  1 :  Ac tua l  and p o t e n t i a l l y  s u i t a b l e  a g r i c u l t u r a l  land; a c t u a l  and maximum a g r i c u l t u r a l  p r o d u c t i o n  
a r a b l e  land p o t e n t i a l l y  s u i -  ( 1 )  i n  % a g r i c .  prod.  maxi mum ( 4 1  i n  % 
i n  '1965' t a b l e  ag r . l and  o f  (21 i n  '1965 '  a g r i c . p r o d .  o f  ( 5 )  
mln. ha mln. ha 1o8kcj cons .p ro t .  1g8kg cons .p ro t .  
REG l  ONS 
N o r t h  America 
Western Europe 
Japan 
A u s t r a l  i a  e t c .  
Eas te rn  Europe ( i n c l .  USSR) 
SUBTOTAL I n d u s t r i a l  economies 702 1507 
L a t  i n  Amer i ca 
M i d d l e  East  
T r o p i c a l  A f r i c a  
Southern As ia  
China c.5. 
SUBTOTAL Develop i ng c o u n t r i e s  725 2180 
World 1427 3687 
Note: '1965 '  r e f e r s  t o  t h e  average o v e r  t h e  years  1964-1966. 
Source: Calculations m a i n l y  based on FA0 da ta .  
Table 2: Food p roduc t ion  and food consumption i n  '1965' 
Food p roduc t ion  1 ) Food consumpt i ~ n ' ) ~ e r  caput  R a t i o  o f  consumed 
per  caput  p r o t e i n  t o  consumable 
p r o t e i n  
kg consumable i n  kg consumable i n  Kcal./day i n  g r .o f  consumed 
p ro te ins /year  p ro te ins /year  p r o t e i  n s / d a y  
REG l  ONS 
Nor th  America 
Western Europe 
Japan 
A u s t r a l i a  e tc .  
Eastern Europe (inc.USSR) 
SUBTOTAL i n d u s t r i a l i z e d  economies 
L a t i n  Amerlca 
Middle East 
T rop ica l  A f r i c a  
Southern Asia 
China C.S. 
SUBTOTAL developing economies 
World 44 4 5 
INCOME C L A S S E S ~ )  
1 )  o f  a g r i c u l t u r a l  o r i g i n  
2 )  f i s h  inc luded 
Note: I1965 r e f e r s  t o  the  average over  t h e  years 
1964 - 1966 
3 )  c o u n t r i e s  c l a s s i f i e d  accord ing  t o  average per  caput  income 
i n  '1965', i n  d o l l a r s  o f  1965. 
Source: C a l c u l a t i o n s  main ly  based on FA0 data 
ducing 30 t imes t h e  present  amount o f  food (Buringh, van Heemst and 
Star ing,  1975):) A g r e a t  deal o f  a g r i c u l t u r a l l y - s u i t a b l e  land i s  n o t  
y e t  used; b u t  above a l l ,  p roduc t ion  per hectare cou ld  be cons iderab ly  
increased. According t o  these data, t h e r e  ought t o  be s u f f i c i e n t  food 
both now and i n  t h e  fu tu re ;  t h e  wor ld  food supply i s  thus  n o t  p r i m a r i l y  
threatened by t h e  f i n i t e n e s s  o f  t h e  ear th .  
This f a c t  represents a  p o i n t  o f  depar ture f o r  f u r t h e r  s tudy r a t h e r  
than a  conc lus ion  i n  i t s e l f .  Maximum produc t ion  i s  c a l c u l a t e d  on t h e  
hypothesis  t h a t  a l l  growth circumstances which can ba in f luenced by man 
a r e  op t ima l .  That i s  t o  say: p e r f e c t  water management, s o i l  c u l t i v a t i o n ,  
f e r t i l i s a t i o n ,  maintenance, pest  c o n t r o l ,  and environment p r o t e c t i o n .  
A  hundred percent  s a t i s f a c t i o n  o f  these c o n d i t i o n s  would r e q u i r e  a  
tremendous inpu t  o f  c a p i t a l ,  labour and knowhow, n o t  o n l y  i n  a g r i c u l t u r e  
i t s e l f  b u t  a l s o  i n  the  associated i n f r a s t r u c t u r e .  And t h i s  i s  t h e  co re  
o f  t h e  problem: which f a c t o r s  determine o r  r e s t r i c t  t h e  r a t e  a t  which t h e  
i n p u t  o f  p roduc t ion  f a c t o r s  i n  t h e  a g r a r i a n  sec to r  increases, a l l o w i n g  
g r e a t e r  use t o  be made o f  t h e  ve ry  g r e a t  product ion p o t e n t i a l ?  Th is  was 
t h e  c e n t r a l  problem t o  be examined by t h e  research team. 
The c a l c u l a t e d  n o n - u t i l i s e d  t c a p a c i t y t  f o r  food p roduc t ion  i s  thus  
merely an i n d i c a t i o n  t h a t  t h e  wor ld  food supply i s  n o t  endangered by t h e  
l i m i t a t i o n s  o f  'mother na tu re '  - f o r  t h e  coming decades a t  l eas t .  But 
no th ing  has been sa id  so f a r  about the  probable developments i n  t h a t  
per iod,  because these depend above a l l  on a  complex i ty  o f  economic, 
s o c i a l  and p o l i t i c a l  f a c t o r s .  
A  Model o f  t h e  World Food S i t u a t i o n  
6. An in-depth ana lys is  o f  t h e  wor ld  food s i t u a t i o n  i s  necessary i f  we 
a r e  t o  lea rn  on which f a c t o r s  t h e  f u t u r e  developments o f  food produc- 
t i o n  and consumption i n  va r ious  p a r t s  o f  t h e  wor ld  w i l l  depend. The focus 
o f  t h e  research t h e r e f o r e  lay i n  an at tempt  t o  e x p l a i n  t h e  circumstances 
and r e l a t i o n s  which c h a r a c t e r i s e  t h e  wor ld  food supply and i t s  develop- 
ment over  t ime. The complex i ty  o f  t h e  l inkages i n  na t iona l  and i n t e r -  
n ~ j t i o n a l  r e l a t i o n s  and t h e  necess i t y  f o r  q u a n t i f i c a t i o n  were t h e  reasons 
why t h i s  e x p l . ~ r ~ a t  io11 h,ls taken t l l u  form o f  ,I mclthcmatical model, g i ven  
t h e  name o f  MOIRA: Model o f  I n t e r n a t i o n a l  Re la t ions  i n  A g r i c u l t u r e .  
A model shows r e a l i t y  i n  schematic form. The manner and degree o f  
f o r m a l i s a t i o n  depend t o  some measure on t h e  purpose o f  t h e  research. 
Th is  p a r t i c u l a r  research was intended p r i m a r i l y  t o  increase i n s i g h t  i n t o  
world-wide l inkages and t h e i r  s i g n i f i c a n c e  f o r  t h e  development o f  t h e  
food s i t u a t i o n  i n  va r ious  p a r t s  o f  t h e  world. i t  i s  an at tempt  t o  expand 
on e a r l i e r  world-wide model-type s tudies,  a t  l e a s t  f o r  as f a r  as t h e  
food s e c t o r  i s  concerned. With t h i s  o b j e c t i v e  i n  mind, an at tempt  has 
been made t o  descr ibe  human behaviour i n  t h e  food supply process, n o t  
o n l y  o f  consumers and producers bu t  a l s o  o f  governments which may exer-  
c i s e  a  s i g n i f i c a n t  in f luence  on t h e  domestic food p r i c e  leve l ,  f o r  i n -  
stance, and i n  t h i s  way on t h e  purchasing power o f  consumers and on t h e  
incomes o f  t h e  a g r i c u l t u r a l  sec to r .  The i n t r o d u c t i o n  o f  government 
behaviour i s  a l s o  an e s s e n t i a l  element i n  t h e  a n a l y s i s  o f  i n t e r n a t i o n a l  
l inkages t h a t  e x i s t  through t h e  wor ld  food market.  
7. The volume o f  p roduc t ion  and consumption o f  food i s  measured i n  
k i lograms 'consumable p r o t e i n ' ,  i . e .  t h e  amount o f  p r o t e i n s  present  
i n  a l l  vegetal a g r i c u l t u r a l  products  which a re  e d i b l e  f o r  t h e  human being, 
p l u s  t h e  p r o t e i n s  i n  animal products  f o r  as f a r  as these a re  generated 
by vegeta l  c a t t l e f o o d  which i s  n o t  s u i t a b l e  f o r  human consumption (roughage 
waste e t c . ) .  Tota l  a g r i c u l t u r a l  product  i s  expressed i n  t h i s  u n i t ,  and 
s u b s t r a c t i o n  o f  t h e  amount o f  p r o t e i n  i n  non-food products  (wood, co t ton ,  
wool e t c . )  y i e l d s  food product ion.  I t  i s  assumed t h a t  t h e  share o f  non- 
food products  i n  t o t a l  a g r i c u l t u r a l  product  remains equal over  time, o r  
i s  anyhow g iven  exogenously. 
To ta l  consumption, expressed i n  t h i s  u n i t ,  shows t h e  demand made by 
t h e  use o f  f o o d s t u f f s  on pr imary s o i l  p roduc t ion  i n  a g r i c u l t u r e .  Processin1 
losses (e.9. by t + e  product ion o f  meat on a  g r a i n  bas is )  e n t a i l  t h a t  
'consumable' does n o t  equal 'consumed'. The r e l a t i o n  between consumable 
p r o t e i n  and consumed p r o t e i n  v a r i e s  s t r o n g l y  w i t h  t h e  income leve l  o f  
t h e  consumers; between coun t r ies ,  t h e  averages vary  between 1.2 and 3 
(see Table 2, l a s t  column). 
8. MOlRA descr ibes from year t o  year t h e  p roduc t ion  and consumption o f  
food per coun t ry  o r  group o f  coun t r ies .  There a r e  a t o t a l  o f  106 
geographic u n i t s ;  r e s u l t s  a r e  shown f o r  t h e  sake o f  convenience f o r  
t e n  reg ions o f  t h e  wor ld  o n l y .  
The a g r i c u l t u r a l  sec to r  o f  a  country  I s  t h e  sma l les t  u n i t  as f a r  
as p roduc t ion  i s  concerned; i n  t h e  model, the re fo re ,  106 p roduc t ion  
u n i t s  annua l l y  take  a c e r t a i n  dec is ion  regard ing t h e  leve l  o f  produc- 
t i o n .  
Consumptlon i s  g iven more d e t a i l e d  t reatment .  Average f w d  consump- 
t i o n  per c a p i t a  o f  a  country  may mask g rea t  d i f f e r e n c e s  w i t h i n  t h a t  
coun t ry ' s  borders, p a r t i c u l a r l y  as regards income inequa l i t y ,  and 
throws i n s u f f i c i e n t  i f  any l i g h t  on poss ib le  hunger. With t h i s  i n  mind, 
t h e  consumers o f  each country  ( w i t h  t h e  except ion o f  t h e  t h r e e  c e n t r a l l y  
planned country  groups) have been d i v i d e d  i n t o  Income classes, s i x  f o r  
t h e  a g r i c u l t u r a l  popu la t ion  and s i x  f o r  t h e  non-agr i cu l tu ra l  populat ion.  
For each year t h e  model thus  c a l c u l a t e s  t h e  food consumption o f  roughly  
1250 consumer groups. 
9. The model e x p l a i n s  t h e  s i z e  o f  a g r i c u l t u r a l  ou tpu t  as depending on 
t h e  e f f o r t s  o f  t h e  farmers ( t h e  a g r i c u l t u r a l  s e c t o r )  t o  combine so 
many v a r i a b l e  product ion f a c t o r s  w i t h  t h e  (shor t - te rm)  g iven  inpu ts  ( i n  
p a r t i c u l a r ,  labour and s o i l )  t h a t  t h e i r  incomes ( i . 8 .  t h e  value-added o f  
t h e  s e c t o r )  a re  as h igh  as poss ib le .  The p r i c e s  o f  end-products and o f  
means o f  product ion a r e  taken as a g iven  t h a t  cannot be in f luenced by 
t h e  a g r i c u l t u r a l  sector;  it i s  a l s o  assumed t h a t  t h e  farmer bases t h e  
expected p r i c e  f o r  h i s  end-product on t h e  p r i c e s  he has received i n  
preced i ng years. 
Furthermore, t h e  producer i s  assumed t o  be f a m i l i a r  w i t h  t h e  
t e c h n i c a l i t i e s  o f  t h e  product ion process under t h e  p r e v a i l i n g  na tu ra l  
circumstances. These techn ica l  r e l a t i o n s  a re  described by t h e  model w i t h  
a p roduc t ion  funct ion,  est imated w i t h  t h e  a i d  o f  a  c ross -sec t lon  over  
106 coun t r ies .  I n  t h i s  comparison, y i e l d s  per  hectare a r e  assumed t o  be 
dependent on t h e  amount o f  labour and o f  l a b o u r - s u b s t i t u t i n g  c a p i t a l  
a v a i l a b l e  per  ha ( t h e  so-ca l led o p e r a t i n g  capac i t y ) ,  i n  such a way t h a t  
enlargementof t h i s  inpu t  per ha i s  sub jec t  t o  d i m i n i s h i n g  re tu rns .  The 
curve approaches a s y m p t o t i c a l l y  t h e  maximum poss ib le  l e v e l  o f  y i e l d  per  
ha mentioned above, determined ex an te  f o r  each o f  t h e  106 coun t r ies .  
This so-ca l led s o i l - i n t e n s i t y  f u n c t i o n  r e l a t e s  a g r i c u l t u r a l  ou tpu t  and 
o p e r a t i n g  capac i t y  n o t  t o  actual  a g r i c u l t u r a l  area b u t  t o  t h e  t o t a l  
area o f  each country  t h a t  can p o t e n t i a l l y  be used f o r  a g r i c u l t u r a l  purposes. 
In  e f f e c t ,  t h i s  means t h a t  t h e  two forms by which p roduc t ion  can be 
augmented - i .e. increased y i e l d s  per  ha and increased area o f  a g r i c u l -  
t u r a l  land - are  no t  d i f f e r e n t i a t e d ;  they a re  described by one and t h e  
same t e c h n i c a l  r e l a t i o n s h i p .  Th is  strategam was adopted due t o  lack o f  
data. As a  r e s u l t ,  i t  i s  impossible t o  d i s t i n g u i s h  which o f  t h e  two 
forms o f  product ion enlargement ( o r  a  combinat ion)  g ives  r i s e  t o  t h e  
p roduc t ion  growth generated by t h e  model over  t h e  course o f  t ime.  
The p roduc t ion  f u n c t i o n  i s  coupled t o  a  demand f u n c t i o n  f o r  t e r -  
t i l i z e r ;  t h e  l a t t e r  i s  t h e r e f o r e  considered as a  p roduc t ion  f a c t o r  which 
i s  complementary t o  the  inpu t  o f  labour and l a b o u r - s u b s t i t u t i n g  c a p i t a l .  
Movement a long t h e  p roduc t ion  f u n c t i o n  der i ved  from c ross -sec t ion  
data i s  o n l y  poss ib le  i f  t h e  level  o f  p roduc t ion  technology changes. I t  
i s  assumed t h a t  i n  t h e  long term techno log ica l  improvement w i l l  a c t u a l l y  
occur  i f  producers s t r i v e  t o  a t t a i n  h igher  y i e l d s  per ha; techno log ica l  
developments i n  t h e  model are thus endogenously determined. I n  t h e  s h o r t  
term, however, t h e  g iven level  o f  technology can make i t  impossible t o  
achieve h igher  product ion.  Changes i n  t h e  level  o f  app l ied  p roduc t ion  
techniques r e q u i r e  t ime  (research, t r a i n i n g ,  i n f r a s t r u c t u r a l  investments, 
e t c . ) .  Th is  t ime  f a c t o r  i s  accounted f o r  i n  t h e  model by b u i l t - i n  l i m i -  
t a t i o n s  t o  t h e  growth r a t e  o f  t o t a l  product ion and t o  t h e  r a t e  a t  which 
t h e  amount o f  c a p i t a l  used per u n i t  o f  labour may change. 
The s i z e  o f  t h e  a g r i c u l t u r a l  product i n  dny g iven year i s  dependent 
no t  o n l y  on dec is ions  taken by t h e  producers. Chance f l u c t u a t i o n s  i n  the  
harves t  as a  r e s u l t  o f  weather cond i t i ons ,  t h e  occurrence o f  disease etc.,  
a r e  i r~ t roduced  i n t o  t h e  model on a  reg iona l  bas is  by assuming t h e  r e p e t i -  
t i o n  o f  anViual hsr-vest i l u c t u s t i o n s  over  a  h i s t o r i c  per iod.  
10. The amount o f  a g r i c u l t u r a l  labour used i n  any year i s  taken 6s given. 
I n  t h e  course o f  t ime, t h i s  impor tant  pr-oduction f a c t o r  i s  sub jec t  
t o  change as a  r e s u l t  o f  two developments: na tu ra l  popu la t ion  growth and 
t h e  o u t f l o w  o f  people from a g r i c u l t u r e  t o  t h e  non-agr i cu l tu ra l  sec to r .  
The nlodel exp la ins  these changes as being due i n  p a r t i c u l a r  t o  the income 
inequal i t y  between the ag,-lcu l  t u r a  l  sector- and t h e  r e s t  o f  the economy; 
t h e  d i s t r i b u t i o n  o f  popu la t ion  over  t h e  a g r i c u l t u r a l  and non-agr i cu l tu ra l  
sec to rs  a l s o  p lays  a  r o l e .  
11.  The behaviour o f  t h e  food consumer i s  descr ibed by a  consumption 
f u n c t i o n  which exp la ins  per  c a p i t a  use o f  consumable p r o t e i n s  as 
determined by per  c a p i t a  income and food p r i c e  leve ls .  Th ls  f u n c t l o n  has 
a l s o  been est lmated w l t h  t h e  a i d  o f  a  coun t ry  cross-sect ion I n  which a l low-  
ance i s  made f o r  t h e  d i s t r i b u t i o n  o f  income w i t h i n  t h e  respec t i ve  coun- 
t r i e s .  I n  a d d i t i o n  t o  t h i s  r e l a t i o n  regard ing t h e  consumed volume o f  e l e -  
mentary a g r i c u l t u r a l  products (measured i n  consumable p r o t e i n s ) ,  a  second 
f u n c t i o n  shows t h e  r e l a t i o n  between t h e  consumer's food expendi ture and 
t h e  s i z e  o f  h i s  income. Combination o f  these two r e l a t i o n s  g ives  t h e  
va lue  increase due t o  processing o f  pr imary raw m a t e r i a l s  ( i n  t h e  form 
o f  both processing w i t h i n  t h e  a g r i c u l t u r a l  sec to r  and i n  t h e  food ln-  
d u s t r y ) .  Th is  va lue increase due t o  proce.ssing, which p a r t l y  determines 
t h e  d i f f e r e n c e  between t h e  producerst  p r i c e  leve l  o f  a g r i c u l t u r a l  raw 
m a t e r i a l s  and the  consumers' food p r i c e  leve l ,  i s  i n  t u r n  s t r o n g l y  l i n k e d  
t o  a  c o u n t r y ' s  level  o f  p r o s p e r i t y .  
12. With regard t o  t h e  behaviour o f  governments o f  t h e  va r ious  coun t r ies ,  
it i s  assumed t h a t  they  t r y  t o  e s t a b l i s h  a  c e r t a i n  d i s t r i b u t i o n  o f  in-  
come between t h e  a g r i c u l t u r a l  sec to r  and t h e  r e s t  o f  t h e  economy w i t h  
t h e  a i d  o f  t h e  domestic food p r i c e  l e v e l .  Th is  sec to ra l  income d i s t r i -  
b u t i o n  thus  r e f l e c t s  t o  some e x t e n t  the  p o l i t i c a l  power r e l a t i o n s  which 
p e r t a i n  between urban and r u r a l  areas, and which a re  i n  t u r n  connected 
t o  the p r e v a i l i n g  mate r ia l  and i n s t i t u t i o n a l  circumstances. Using again 
cross-sect ion ana lys is ,  an at tempt  has been made t o  l i n k  t h e  g rea t  d i f -  
ferences which e x i s t  between c o u n t r i e s  w i t h  regard t o  t h e  r e l a t i v e  in-  
come p o s i t i o n  o f  the  a g r i c u l t u r a l  popu la t ion  w i t h  such c h a r a c t e r i s t i c s  
as a g r i c u l t u r e ' s  shdre i n  t h e  nd t iond l  income, population densi ty ,  and 
ac tua l  per  c a p i t a  income i n  a g r i c u l t u r e .  This  s t a t i s t i c a l  a n a l y s i s  can 
o n l y  p a r t l y  e x p l a i n  t h e  d i f f e r e n c e s  between coun t r ies ;  t h e  remalnder i s  
a t t r i b u t e d  t o  i n s t i t u t i o n a l  f a c t o r s  which a re  d i f f i c u l t  t o  measure, and 
i s  t h e r e f o r e  taken up as a  s t r u c t u r a l  c h a r a c t e r i s t i c  o f  t h e  government's 
behaviour i n  t h e  coun t ry  i n  quest ion.  The government i s  thus  acc red i ted  
w i t h  an o b j e c t i v e  v i a  t h i s  p a r i t y  f u n c t i o n  which i s  endogenously generated 
by t h e  model. From t h i s  f o l l o w s  t h e  r a t i o  which it t r i e s  t o  a t t a l n  between 
a g r l c u l t u r a l  and non-agr i cu l tu ra l  per  c a p i t a  incomes. From t h i s  income 
r a t i o  t h e  model der i ves  t h e  d e s i r a b l e  domestic p r i c e  l e v e l  o f  f w d  pro- 
ducts  (g iven  t h e  p r i c e s  o f  p roduc t ion  i n p u t s  purchased by a g r i c u l t u r e  
and g iven  t h e  l e v e l  o f  technology i n  t h e  domestic a g r l c u l t u r a l  produc- 
t i o n  process). The p r i c e  leve l  de f ined  i n  t h i s  way may be considered 
as t h e  market p r i ce ,  co r rec ted  by any o t h e r  income t r a n s f e r s  ( p o s i t i v e  
o r  negative) through t a x a t i o n  and subsid ies,  expressed per  u n i t  o f  o u t -  
put .  
I t  i s  assumed t h a t  t h e  government p r i n c i p a l l y  uses market i n t e r -  
v e n t i o n  as t h e  method w i t h  which t o  achieve i t s  a g r l c u l t u r a l  Income 
p o l i c y  t a r g e t .  Fur ther ,  t h a t  t h e  inst ruments o f  t h i s  p r i c e  p o l i c y  con- 
s i s t  o f  t r a d e  p o l i c y  measures which a r e  intended t o  keep c l e a r  o f  d i s -  
r u p t i v e  p r i c e  in f luences  from t h e  wor ld  market. Such measures ( l e v i e s  o r  
subs id les  on imports and expor ts ;  q u a n t i t a t i v e  r e s t r i c t i o n s  on f o r e i g n  
t r a d e )  have t h e i r  consequences f o r  t h e  government budget. Under c e r t a i n  
circumstances t h e  des i red  domestic p r i c e  p o l i c y  may s t rand  on p r l c e s  t h a t  
would be t o o  h igh  f o r  t h e  n a t i o n a l  t r e a s u r y  ( f o r  a  food impor t ing  coun t ry  
a t  h i g h  wor ld  market pr ices;  f o r  a  food e x p o r t i n g  coun t ry  a t  low wor ld  
market p r i c e s ) .  The des i red  domestic p r i c e  leve l  w i l l  then be impossib le  
t o  malnta ln ;  i f  t h e  budgetary burden i s  t o o  high, wor ld  market p r i c e s  
w i l l  i n f l u e n c e  t h e  domestic p r i ces .  The p r i c e  p o l i c y  i n  t h e  model i s  
t h e r e f o r e  subjected t o  budget r e s t r i c t i o n s  (expressed i n  a percentage o f  
t h e  income o f  t h e  non-agr i cu l tu ra l  s e c t o r ) .  
Th is  a l s o  in t roduces t h e  s l g n l f i c a n t  f a c t  t h a t  wealthy c o u n t r i e s  
(because they a r e  r i c h )  a r e  b e t t e r  a b l e  t o  i s o l a t e  t h e i r  domestlc food 
markets from t h e  v 3 r l d  market than a r e  t h e  poor c o u n t r i e s  whose much smal- 
l e r  budgetary capac i t y  w l l l  u s u a l l y  be f a r  sooner exhausted. 
13. With regard t o  t h e  cen t ra l l y -p lanned  economies, distinguished as 
Eastern Europe i n c l u d i n g  USSR, China e t  a t ,  and Cuba, it i s  accepted 
t h a t  dec is ions  regard ing a g r i c u l t u r a l  p roduc t ion  a re  taken by c e n t r a l  govern- 
ment on t h e  b a s i s  o f  mate r la l  o b j e c t l v e s ,  and n o t  on t h e  b a s i s  o f  p r i c e  
leve ls .  I t  i s  assumed t h a t  these (groups o f )  na t ions  wish t o  achieve s e l f -  
s u f f i c i e n c y  i n  domestic food needs. The model d e r i v e s  increase i n  demand 
v i a  t h e  consumption f u n c t i o n  from t h e  growth o f  n a t i o n a l  product  and o f  
popu la t ion  (exogenous v a r i a b l e s ) .  Labour i s  withdrawn from t h e  a g r i c u l -  
t u r a l  sec to r  t o  t h e  ex ten t  t h a t  i t  i s  needed t o  r e a l i s e  p roduc t ion  growth 
i n  non-agr i cu l tu ra l  sectors .  I f  a g r i c u l t u r a l  o u t p u t  does n o t  equal do- 
mest ic  demand (e.9. because o f  ha rves t  f4uc tua t ions ) ,  some amount o f  
import o r  expor t  may take  place. 
Lack o f  data made it impossib le  t o  d i s t r i b u t e  consumers i n  t h e  cen- 
t r a l l y - p l a n n e d  economies i n t o  income c lasses.  The m d e l  thus  c a l c u l a t e s  
average per c a p i t a  food consumption s o l e l y  on t h e  l e v e l  o f  coun t ry  groups. 
Hunger and m a l n u t r i t i o n  f o r  t h i s  p a r t  o f  t h e  wor ld ls  popu la t ion  a re  the re -  
f o r e  no t  shown. 
I n t e r n a t i o n a l  Re la t ions  
14. The behaviour descr ibed above o f  the  most impor tant  groups o f  a c t o r s  
i n  t h e  food p r o v i s i o n  sec to r  determines how t h e  p roduc t ion  and con- 
sumption o f  food i n  t h e  respec t i ve  c o u n t r i e s  ( o r  groups o f  c o u n t r i e s )  w i l l  
r e a c t  over  t ime  t o  economic developments o u t s i d e  the  agricultural sec to r  
and t o  popu la t ion  growth, two important exogenous v a r i a b l e s  i n  t h e  model. 
Developments i n  t h e  food supply sec to r  i n  va r ious  p a r t s  o f  t h e  wor ld  
a r e  no t  independent o f  each o ther .  P r i c e  format ion on t h e  wor ld  food mar- 
k e t  b r i n g s  t h e  na t iona l  markets i n t o  con tac t  w i t h  each o t h e r  t o  a  g r e a t e r  
o r  lesser  extent ,  dependent on t h e  compet i t i ve  c o n d i t i o n s  p e r t a i n i n g  on 
t h e  domestic market and t h e  r e s t r i c t i o n s  on na t iona l  food market p o l i c i e s .  
Moreover, t h e  i n t e r n a t i o n a l  p r i c e  leve l  a f f e c t s  r e a l  n a t i o n a l  income f o r  
as f a r  as t h e  l a t t e r  i s  dependent on import expendi ture o r  on food ex- 
p o r t  rece ip ts .  The domestic p r i c e  leve l  i s  t h e  r e s u l t  o f  t h e  p r i c e  leve l  
aimed a t  by government and o f  t h e  e f f e c t  o f  t h e  wor ld  market p r i c e .  Th is  
l a t t e r  v a r i a b l e  r e s u l t s  from t h e  t o t a l  o f  demand and supply  p o s i t i o n s  o f  
t h e  c o u n t r i e s  i n  i n t e r n a t i o n a l  t rade .  The model 's i t i r a t i v e  procedure c a l -  
c u l a t e s  t h e  wor ld  market p r i c e  which, p a r t l y  through i t s  e f f e c t  on n a t i o n a l  
incomes and poss ib ly  a l s o  on domestic pr lces,  b r i n g s  t o t a l  consumption 
dnd supply i n t o  e q u i l i b r i u m .  Allowance i s  mddc f o r  t h e  f a c t  t h a t  i n t e r -  
I I ~ I I  l ~ i l i ~ ~ l  I I JIIO L ~ I I I  I ) , I ~  t l y  b r l d y e  Imbdl~lrlc L,,, LI(, twt~>r i  dcrl~,~rid and ~ u p p l y  by 
means o f  5 t o c k p i l i n g .  
The domestic p r i c e  leve l  t h a t  i s  r e l a t e d  t o  t h i s  e q u i l i b r i u m  p r i c e  
i n  i n t e r n a t i o n a l  t r a d e  i s  an impor tant  v a r i a b l e  i n  producers1 dec is ion -  
making regard ing  t h e  s i z e  o f  t h e  coming year ' s  supply. 
15. The balanc ing mechanism represented by t h e  wor ld  market i s  ve ry  
d e f e c t i v e  i n  i t s  func t ion ing .  Food consumption i s  n o t  p a r t i c u l a r l y  
s e n s i t i v e  t o  p r i c e  changes on t h e  wor ld  market, e s p e c i a l l y  i n  t h e  r i c h  
countries. Th is  i s  p r i m a r i l y  a  r e s u l t  o f  t h e i r  h i g h  leve l  o f  p r o s p e r i t y ;  
t h e  p r i c e  e l a s t i c i t y  o f  t h e  t o t a l  demand f o r  food i s  consequently small ,  
w h i l e  t h e  na t iona l  incomes o f  these c o u n t r i e s  are a l s o  r e l a t i v e l y  insen- 
s i t i v e  t o  changes i n  t h e  va lue o f  food imports and exports. Secondly, 
t h e  r i c h  na t ions  p r o t e c t  t h e i r  domestic food p r i c e s  t o  a  s t rong  e x t e n t  
aga ins t  i n t e r n a t i o n a l  p r i c e  f l u c t u a t i o n s .  The r e s u l t  i s  t h a t  consumers 
i n  these c o u n t r i e s  a re  very l i t t l e  a f f e c t e d  by p o s s i b l e  s c a r c i t y  o r  sur- 
p l u s  on t h e  wor ld  market, and t h e i r  consumption p a t t e r n s  remain almost 
unchanged. Th is  considerably  increases t h e  i n s t a b i l i t y  o f  the  wor ld  market. 
Major wor ld  market p r i c e  increases can be caused by s c a r c i t i e s  r e s u l t i n g  
from poor harvests, c e r t a i n l y  i f  s tocks are i n s u f f i c i e n t .  Impor t ing coun- 
t r i e s  which a re  t o o  poor t o  p r o t e c t  t h e i r  domestic markets aga ins t  such 
massive ex te rna l  i n f luences  a r e  then  forced by t h e  h igh  p r i c e s  t o  adapt 
t h e i r  consumption pa t te rns .  In  t h i s  market c o n s t e l l a t i o n  t h e  f i n a n c i a l l y  
weak c o u n t r i e s  thus  f u l f i l  a  b u f f e r  func t ion ,  a l though t h e i r  consumption 
pa t te rns  o f f e r  them t h e  leas t  l a t i t u d e .  Th is  c h a r a c t e r i s t i c  o f  t h e  model 
seems t o  be a f a i r l y  f a i t h f u l  rep resen ta t ion  o f  r e a l i t y  as shown by t h e  
experiences o f  t h e  past  few years. 
Over. t h e  years supply o f  a g r i z u l t u r a l  pr-oducts i n  t h e  r i c h e r  coun- 
t r i e s  shovs t h e  g rea tes t  s e n s i t i v i t y  t o  p r i c e  changes. As t h e  a g r i c u l t u r a l  
sec to r  becomes more market-or iented - both as regards t h e  sa le  o f  products 
and t h e  purchase o f  means o f  product ior i  - an increase i n  food p r i c e s ,  
c e t e r i s  paribus, has a  r e l a t i v e l y  g r e a t e r  e f f e c t  on income and t h e r e f o r e  
i s  a  s t ronger  i n c e n t i v e  t o  inves t .  I t  i s  t r u e  t h a t  producer p r i c e s  i n  t h e  
r i c h  c o u n t r i e s  a re  s t r o n g l y  p ro tec ted  by government aga ins t  developments 
o f  p r i c e s  on t h e  world market, but  t h e  model shows t h a t  even the assumed 
r e s t r i c t e d  p e r c o l a t i o n  o f  i n t e r n a t i o n a l  p r i c e  in f luences  has undeniable 
e f f e c t s  on t o t a l  supply. In  t h i s  respect ,  too, t h e  model seems t o  be f a i r -  
l y  r e a l i s t i c ;  consider, f o r  instance, the Common Market 's  expansion o f  t h e  
sugarbeet area i n  r e a c t i o n  t o  h igh i n t e r n a t i o n a l  suger p r i c e s ,  o r  t h e  
s t r o n g  expansion o f  wheat p roduc t ion  i n  t h e  USA a f t e r  1972. 
High world market p r i c e s  as a  r e s u l t  o f  poor harvests  and insu f -  
f  i c i e n t  s tocks thus have the  g rea tes t  e f f e c t  on the  poor c o u n t r i e s  in -  
a s f a r  as consumption i s  concerned; b u t  w i t h  regard t o  product ion,  t h e  
r e a c t i o n  i s  t o  be expected sooner i n  t h e  a g r i c u l t u r a l  sec to rs  o f  t h e  
r i c h  nat ions.  
Exogenous and Endogenous Var iab les 
16. Although g iven i n c i d e n t a l  mention above, t h e  exogenous v a r i a b l e s  
o f  t h e  model a r e  t o  be mentioned e x p l i c i t l y :  
( i )  Economic development o u t s i d e  t h e  a g r i c u l t u r a l  sec to r .  Although 
t h e  growth o f  value-added o u t s i d e  a g r i c u l t u r e  i s  i n  r e a l i t y  not 
independent o f  a g r i c u l t u r a l  development ( c e r t a i n l y  n o t  i n  the  developing 
c o u n t r i e s ) ,  i n  our  p a r t i a l  a g r i c u l t u r a l  model we have been forced t o  
assume a  one-sided ex te rna l  i n f luence .  In  s imu la t ions  w i t h  t h e  model up 
t o  the  year 2010 the  acceeted income growth i n  t h e  n o n - a g r i c u l t u r a l  sec- 
t o r  i s  de r i ved  from L e o n t i e f ' s  l a t e s t  long-term p r o j e c t i o n s  regard ing  t h e  
development o f  na t iona l  incomes o f  many groups o f  coun t r ies ,  as mod i f ied  
by the  World ~ a n k . ~ ) ~ i n c e  i t  may be accepted t h a t  i n  t h e  process o f  eco- 
nomic development t h e  non-agr i cu l tu ra l  sec to r  w i l l  grow more q u i c k l y  than 
t h e  a g r i c u l t u r a l  sector ,  t h e  growth r a t e s  o f  t h e  non-agr i cu l tu ra l  sec to r  
a r e  assumed t o  be somewhat h igher  than L e o n t i e f ' s  o v e r a l l  growth ra tes ,  
i n  p a r t i c u l a r  f o r  c o u n t r i e s  where a g r i c u l t u r e  s t i l l  has a  s i g n i f i c a n t  
share i n  t h e  na t iona l  income. To j u s t i f y  t o  some e x t e n t  t h e  mentioned 
r e l a t i o n  between non-agr i cu l tu ra l  development and the  increase o f  a g r i -  
c u l t u r a l  p r o d u c t i ~ n ,  t h e  exogenous growth r a t e s  have been lowered f o r  
t h e  poorest  coun t r ies  i f  they were hard t o  r e c o n c i l e  w i t h  t h e  endogenous- 
l y  c a l c u l a t e d  growth i n  a g r i c u l t u r e .  
( i i )  Populat ion Growth. Here, too,treatment as an exogenous v a r i a b l e  
leaves o u t  o f  cons idera t ion  any feedback o f  t h e  food sec to r  t o  t h i s  
v a r i a b l e .  I t  i s  q u i t e  conceivable t h a t  hunger and m a l n u t r i t i o n  (and t h e  
leve l  o f  we l lbe ing  i n  generd l )  a re  o f  i n f luence  on demographic v a r i a b l e s  
such as b i r t h  and death ra tes .  However, u n c e r t a i n t y  as regards t h e  s ign,  
s i z e  and t i m e  dimension o f  these e f f e c t s  forced t h e  model b u i l d e r s  t o  
choose between a  s t r o n g l y  hypo the t i ca l  t reatment  o f  these l inkages, and 
t h e  s imple i n t r o d u c t i o n  o f  popu la t ion  growth as exogenous v a r i a b l e .  P re f -  
erence was g iven  t o  t h e  l a t t e r .  The popu la t ion  growth r a t e  assumed i n  t h e  
model s imu la t ions  i s  based on t h e  l a t e s t  UN prognoses, as e laborated by 
t h e  World ~ a n k . ~ )  These growth r a t e s  have been used f o r  both t h e  a g r i -  
c u l t u r a l  and non-agr i cu l tu ra l  populat ions.  
( i i i )  Income d i s t r i b u t i o n .  I n  o r d e r  t h a t  hunger and m a l n u t r i t i o n  should 
become c l e a r l y  percep t ib le ,  t h e  a g r i c u l t u r a l  and non-agr i cu l tu ra l  
popu la t ions  o f  market economy c o u n t r i e s  have been d i v i d e d  i n t o  s i x  income 
c lasses w i t h  t h e i r  respec t i ve  shares i n  t o t a l  sec to r  incomes. Th is  c l a s -  
s i f i c a t i o n  i s  made o r  est imated on t h e  bas is  o f  data (sometimes very 
scan ty )  about income d i s t r i b u t i o n  i n  t h e  base year 1965. I t  i s  assumed 
t h a t  t h i s  r e l a t i v e  nominal income d i s t r i b u t i o n  per sec to r  per  coun t ry  w i l l  
remain unchanged d u r i n g  the  per iod  inves t iga ted  ( u n t i l  2010), no tw i th -  
s tanding t h e  nominal increase o f  t o t a l  incomes which w i l l  occur. Here, 
too, i t  i s  necessary t o  mention t h e  a r b i t r a r i n e s s  o f  t h i s  assumption. 
However, t h e o r e t i c a l  and emp i r i ca l  i n fo rmat ion  regard ing  t h e  r e l a t i o n  
between economic development and income distribution (whether i n  o r  ou t -  
s i d e  the  a g r i c u l t u r a l  s e c t o r )  i s  so d e f e c t i v e  t h a t  any semblance o f  an 
i n t e g r a l  approach has been avoided by in t roduc ing  income d i s t r i b u t i o n  as 
independent o f  o t h e r  exogenous magnitudes o r  o f  endogenous developments. 
( i v )  P r i c e  developments o f  a g r a r i a n  product ion f a c t o r s .  The use o f  f e r -  
t i l i s e r  and o f  mechanical a i d s  i s  determinant i n  the  model f o r  t h e  
s i z e  o f  a g r i c u l t u r e ' s  annual purchases i n  t h e  non-agr i cu l tu ra l  sec to r .  
The a c t u a l  p r i c e  development o f  these inpu ts  i s  considered as an exo- 
genous datum. A separate model has been developed f o r  f e r t i l i s e r  i n  which, 
based on t h e  c o s t  s t r u c t u r e  o f  investment, t r a n s p o r t  and d i s t r i b u t i o n ,  
the  course o f  f u t u r e  product p r i c e s  i s  est imated.  P r i c e  developments f o r  
raw m a t e r i a l s  ( o i l ,  gas, c o a l )  and o f  investments prove t o  be t h e  de te r -  
min ing fac to rs ;  phys ica l  s c a r c i t y  o f  raw m a t e r i a l s  f o r  f e r t i l i s e r s  i s  
~ ~ p p a r e n t l y  no t  l i k e l y  i n  t h e  per iod  u n t i l  2010. 
17. Over t h e  per iod  1975-2010 t h e  model generates a  la rge  number o f  
endogenous var iab les .  The r e s u l t s  o f  t h e  model s imu la t ions  a r e  
presented i n  a  s e l e c t i o n  o f  these v a r i a b l e s  f o r  groups o f  coun t r ies .  
Obvious f i g u r e s  i n  t h i s  connect ion inc lude  t h e  s i z e  ( i n  k i l o s  o f  con- 
sumable p r o t e i n )  o f  food production and food consumption, i n  t o t a l  as 
we l l  as t h e  average per  head o f  populat ion.  From t h i s  can be c a l c u l a t e d  
t h e  degree o f  self-sufficiency i n  food. Also, t h e  s i z e  o f  a g r i c u l t u r a l  
and non-agr i cu l tu ra l  popu la t ion  i s  g iven f o r  each year. Fur ther  impor- 
t a n t  v a r i a b l e s  inc lude t h e  i n d i c a t o r  o f  t h e  wor ld  market food p r i c e  and 
t h e  s i z e  o f  wor ld  stocks. 
The occurrence o f  hunger I s  a  v i v i d  c r i t e r i o n  o f  t h e  wor ld  food 
s i t u a t i o n .  The model c a l c u l a t e s  f o r  t h e  market economies t h e  number o f  
people who have less food a t  t h e i r  d isposal  each year than t h e  minimum 
norm. This  food norm v a r i e s  from country  t o  country ,  dependent on t h e  
age s t r u c t u r e  o f  t h e  popu la t ion  and t h e  make-up o f  t h e  food package. On 
average, t h e  norm i s  25 k i l o s  o f  consumable p r o t e i n  per person per  year. 
I t  w i l l  be c l e a r  t h a t  t h e  c a l c u l a t e d  t o t a l  o f  underfed people can be a  
g loba l  i n d i c a t o r  o f  t h e  e x t e n t  o f  hunger, and t h a t  t h e  development over  
t i m e  o f  t h i s  v a r i a b l e  I s  more t e l l i n g  than  t h e  abso lu te  number. 
I n  view o f  t h e  divergence o f  i n t e r e s t s  between a g r i c u l t u r a l  and non- 
a g r i c u l t u r a l  popu la t ion  as regards food p r i ces ,  t h e  model d i s t i n g u i s h e s  
between hunger i n s i d e  and o u t s i d e  t h e  a g r i c u l t u r a l  sec to r .  Gross and n e t  
hunger a r e  a l s o  d is t ingu ished ,  t h e  d i f f e r e n c e  being t h e  e f f e c t  o f  (pos- 
s i b l e )  food a id .  
U n c e r t a l n t i e s  w i t h  regard t o  Long-term Developments 
18. With t h e  a i d  o f  MOIW we f i r s t  examined how t h e  wor ld  food s i t u a t i o n  
w i l l  develop i n  t h e  per iod  u n t i l  2010 under t h e  assumptions mentioned 
above regard ing  t h e  exogenous var iab les .  
According t o  t h e  model, t h e  c o m p a r i t i v e l y  f a s t  economic growth i n  t h e  
non-agr i cu l tu ra l  sec to r  and the  r e l a t e d  increase I n  food demand w i l l  cause 
a  r e l a t i v e  s c a r c l t y  on t h e  wor ld  market (see Table 3, column 1, and t h e  
f i g u r e s  1, 2 and 3 ) .  The I n t e r n a t i o n a l  p r i c e  leve l  w i l l  f l u c t u a t e  between 
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year  1965. I n  t h e  year 2010, t h e  wor ld  food p roduc t ion  w i l l  be more than 
2.5 t imes as h igh  as i n  1975 and w i l l  thus  increase s l i g h t l y  f a s t e r  than  
popu la t ion  growth. Nevertheless, d u r i n g  t h i s  per iod  t h e  number o f  people 
who have less than t h e  minimum necessary amount o f  food w i l l  quadruple 
t o  a  t o t a l  o f  about 1.5 b i l l i o n .  Average consumption per  head o f  popu- 
l a t i o n  w i l l  hard ly  increase i n  the  densely populated developing c o u n t r i e s  
( i n  p a r t i c u l a r  South and Southeast As ia) ;  hunger w i l l  most ly  expand i n  
these coun t r ies ,  e s p e c i a l l y  among t h e  n o n - a g r i c u l t u r a l  popu la t ion  whose 
numbers w i l l  increase s t r o n g l y .  In  t h e  r i c h  coun t r ies ,  bu t  a l s o  i n  L a t i n  
America, T rop ica l  A f r i c a  and the  Middle East, per c a p i t a  food consumption 
w i l l  burgeon considerably .  The d i f f e r e n c e s  i n  t h e  wor ld  w i l l  t hus  grow 
even g r e a t e r  ( f i g .  21. According t o  these model r e s u l t s ,  North America 
w i l l  st rengthen i t s  p o s i t i o n  as impor tant  expor te r  o f  bas ic  foods. 
Developments i n  t h e  wor ld  food supply s i t u a t i o n  prove t o  be r a t h e r  
s e n s i t i v e  t o  the growth r a t e  o f  incomes o u t s i d e  t h e  a g r i c u l t u r a l  s e c t o r  
which increase t h e  demand f o r  food b u t  a l s o  i n f l u e n c e  t h e  r a t e  a t  which 
labour w i l l  leave a g r i c u l t u r e .  In  o rder  t o  t e s t  MOIRA1s s e n s i t i v i t y  t o  
t h i s  exogenous var iab le ,  an a l t e r n a t i v e  s i m u l a t i o n  run made use o f  halved 
growth r a t e s  f o r  non-agr i cu l tu ra l  income (see Table 3, column 8 ) .  The 
model then c a l c u l a t e d  wor ld  market p r i c e s  which were f a r  lower than 
those i n  the  standard run, f l u c t u a t i n g  now around t h e  p r i c e  leve l  o f  t h e  
1960s. Food product ion w i l l  double i n  t h e  per iod  1975-2010, j u s t  keeping 
pace w i t h  popu la t ion  growth. Hunger i n  t h a t  pe r iod  i s  on average almost 
50 percent  g r e a t e r  than i n  t h e  standard run, as a  r e s u l t  o f  lack o f  food 
i n  r u r a l  areas. In  t h e  densely populated Asian coun t r ies ,  average per  
c a p i t a  consumption decreases. 
19. The r a t e  o f  popu la t ion  growth i s  a l s o  an impor tant  f a c t o r .  An a l t e r -  
n a t i v e  s i m u l a t i o n  run  w i t h  growth r a t e s  t h a t  a re  50 percent less 
than t h e  UN f i g u r e s  i n  t h e  standard run shows t h a t  t h e  e x t e n t  o f  wor ld  
hunger w i l l  then increase less ( i n  2010 t w i c e  t h a t  o f  1975). 
I n  o r d e r  t o  t e s t  MOIRA's s e n s i t i v i t y  t o  income d i s t r i b u t i o n ,  t h e  
e f f e c t  on -the focd s i t u a t i o n  o t  g radua l l y  decreasing i n t e r n a l  income 
inoqudl i - t i e s  ( t o  on1 y  50 percenT 01 t l i e i  r- o r i g i r ~ a i  r n ~ y n i  tude)  *as con- 
s idered.  I t  dppe.lred t h a t ,  under. t h i s  ~s:;umpt ion, t h e  nunter  o f  paople who 
w i l l  o b t a i n  less  than t h e  minimum necessary amount o f  food w i l l  'mere ly '  
dauble d u r i n g  the  coming 35 years. 
20. Varying degrees o f  u n c e r t a i n t y  e x i s t  w i t h  regard t o  t h e  f u t u r e  
developments o f  a l l  these exogenous var iab les .  I n  view o f  t h e  sen- 
s i t i v i t y  o f  t h e  wcr ld  food s i t u a i i o n  t o  these developments, MOlRA has 
o n l y  very r e l a t i v e  va lue f o r  prognost ic  purposes. I t s  u t i l i t y  i s  c h i e f l y  
i n  i i l u s t r a t i n g  t h e  cumulat ive s h o r t  and long-term e f f e c t s  o f  a  c e r t a i n  
ex te rna l  i n f luence  o r  o f  a  purposeful p o l i t i c a l  i n t e r v e n t i o n  on deveiop- 
ments i n  world food product ion and consumption. Th is  c h a r a c t e r i s t i c  o f  
t h e  model i s  used t o  eva lua te  d i f f e r e n t  forms o f  i n t e r n a t i o n a l l y - c o o r d i -  
nated food p o l i c i e s  whose aim i s  t o  e l i m i n a t e  hunger i n  t h e  world, o r  a t  
l e a s t  t o  minimise it. Th is  o b j e c t i v e  i s  r e l e v a n t  under a l l  circumstances. 
A l l  simulation runs w i t h  a l t e r n a t i v e  assumptions regard ing  exogenous va- 
r i a b l e s  have one t h i n g  i n  common: i f  p o l i c i e s  remain unchanged t h e  number 
o f  people who cannot o b t a i n  s u f f i c i e n t  food w i l l  increase. MOlRA conveys 
t h i s  impression w i t h  some c e r t i t u d e .  
Pol i c y  A l t e r n a t i v e s  
21. The f o l  lowing pol  i c y  measures were examined t o  see i n  how f a r  they 
could e l i m i n a t e  o r  reduce t h e  e x t e n t  o f  hunger i n  t h e  per iod  1975- 
2010. 
( a )  Measures intended t o  achieve r e d i s t r i b u t i o n  o f  t h e  a v a i l a b l e  food 
i n  t h e  wor ld :  
- reduc t ion  o f  food c o n s ~ ~ m p t i o n  by t h e  r i c h  c o u n t r i e s  (Table 3, 
column 2) ;  
- food purchases by an i n t e r n a t i o n a l  food a i d  o r g a n i s a t i o n  ( f inanced 
by t h e  r i c h  c o u n t r i e s )  which w i l l  d i s t r i b u t e  t h i s  food t o  t h e  under- 
fed popu la t ion  groups (Table 3, columns 3  and 9 ) ;  
( b )  Measures intended t o  s t i m u l a t e  food p roduc t ion  i n  t h e  developing 
coun t r ies :  
- r e g u l a t i o n  o f  t h e  wor ld  food market i n  o rder  t o  s t a b i l i s e  i n t e r -  
n a t i o n a l  p r i ces ;  t h e  p r i c e  leve l  pursued on t h e  wor ld  market i s  a  
p o l i c y  v a r i a b l e  whose in f luence  i s  t e s t e d  (Table 3, columns 4 ,  5, 
10 and 1 1  1; 
- on t h e  o ther  hand, the  e f f e c t  which l i b e r a l i s a t i o n  o f  i n t e r n a t i o n a l  
t r a d e  would have on developments i n  t h e  wor ld  food s i t u a t i o n  i s  a l s o  
exam I ned; 
- a t h i r d  scenar io  i n  t h i s  category assumes t h a t  t h e  governments o f  
developing coun t r ies  wish t o  achieve h igher  incomes f o r  the  a g r i -  
c u l t u r a l  sec to r  than ensues from t h e  i n s t i t u t i o n a l  income d i s t r i -  
b u t i o n  between a g r i c u l t u r e  and non-agriculture which i s  i n  f i r s t  
Instance maintained i n  t h e  model (accord ing t o  t h e  so-ca l led 
p a r i t y  equat ion) .  
I n  t h e  f i r s t  instance, these p o l i c y  measures were t e s t e d  as t o  
t h e i r  i n d i v i d u a l  i n f luence  on the  development o f  wor ld  hunger. Based 
on these f ind ings ,  combinat ions were designed i n  o r d e r  t o  e s t a b l i s h  
which packet o f  measures w i t h i n  t h e  framework o f  i n t e r n a t i o n a l  p o l i c y  
would be o f  t h e  g rea tes t  b e n e f i t  t o  wor ld  food supply d u r i n g  t h e  com- 
i n g  30 years (Table 3, columns 6, 7 and 12). 
22. According t o  MOIRA, m d e r a t l o n  o f  food consumptlon i n  t h e  r i c h  
coun t r ies  w l l l  I n  I t s e l f  n o t  lead t o  any Improvement I n  t h e  food 
supply i n  t h e  c o u n t r i e s  where g rea t  hunger p r e v a i l s  (Table 3, column 2 ) .  
On t h e  con t ra ry ,  i n  f a c t .  The reduc t ion  o f  e f f e c t i v e  demand, which i s  
what sluch a consumption r e s t r i c t i o n  amounts to ,  w i l l  d r a s t i c a l l y  lower 
wor ld  market p r i c e s  and thus  curb t h e  growth o f  a g r i c u l t u r a l  product ion;  
t h i s  w i l l  occur i n  both r i c h  and poor coun t r ies .  On balance, the re fo re ,  
such a p o l i c y  would have an adverse e f f e c t :  hunger would increase more 
than i f  p o l i c i e s  remaind unchanged. 
Secondly, we examined whether food a id,  f inanced by t h e  r i c h  coun- 
t r i e s ,  would be ab le  t o  banish hunger from t h e  world. I t  was assumed 
t h a t  food a i d  cou ld  be suppl ied w i t h  100 percent  e f f i c i e n c y ,  i .e .  t h a t  
t h e  t o t a l  food shortage o f  a l l  hungry people cou ld  be cancel led-out  by 
t h e  p r o v l s l o n  o f  food t h a t  I s  n o t  handled by t h e  market. i t  i s  assumed 
t h d t  the necessary food w i l l  be purchased w i t h  the a i d  o f  funds c o n t r i -  
buted by t h e  r i c h  countries. MOlRA shows t h a t  i t  w i l l  thus be poss ib le  t o  
reduce hunger t o  almost zero - i f  s u f f i c i e n t  f i n a n c i a l  means become a v a i l -  
able. On t h e  average, over t h e  per iod  1975-2010, t h i s  r e d i s t r i b u t i o n  o f  
food would demand each year  about 0.6 percent  o f  the  n a t i o n a l  incomes o f  
t h e  r l c h  nat ions.  Such food purchases would be accompanied by t h e  phe- 
nomenon o f  a  s i g n i f i c a n t l y  h igher  wor ld  market p r i c e  l e v e l  f o r  food; on 
t h e  one hand t h i s  would s t i m u l a t e  product ion,  bu t  on the  o t h e r  hand it 
would have a  negat ive e f f e c t  on t h e  purchasing power o f  non-agr i cu l tu ra l  
popu la t ion  o f  t h e  developing coun t r ies .  'Gross hunger' ( i . e .  before food 
a i d  i s  g iven)  i s  t h e r e f o r e  somewhat h igher  than i n  t h e  standard run (Table 3, 
columns 3  and 9 ) .  
23. Food a id,  however necessary it may be t o  a l l e v i a t e  acute need, i s  a  
measure t h a t  must i n  p r i n c i p l e  be temporary. The developing coun- 
t r i e s  w i l l  have t o  achieve a  s t r u c t u r a l  improvement o f  f h e i r  food supply 
p r i m a r i l y  by inc reas ing  t h e i r  a g r i c u l t u r a l  product ion,  because t h e  r e l -  
a t i v e l y  la rge  a g r i c u l t u r a l  sec to r  uses a  g rea t  deal o f  labour  and land 
which has l i t t l e  i f  any a l t e r n a t i v e  use. With t h i s  i n  view, measures 
which would s t i m u l a t e  t h i s  development were considered; i n  p a r t i c u l a r ,  
the  importance was examined o f  t h e  wor ld  market food p r i c e  l e v e l ,  which 
t h e  r i c h  coun t r ies  a re  a b l e  t o  in f luence  by means o f  t h e i r  p o l i c i e s .  
A  d e l i b e r a t e  wor ld  market p r i c e  pol i cy ,  aimed a t  ma in ta in ing  a  r e l -  
a t i v e l y  h i g h  and s t a b l e  p r i c e  leve l ,  was proved by MOlRA t o  s t i m u l a t e  
p roduc t ion  growth i n  t h e  poor coun t r ies .  This  favourable e f f e c t  i s  l a r -  
ges t  f o r  the  s i m u l a t i o n  runs which assume moderate economic growth 
(Table 3, column 11). I f  p o l i c i e s  remain unchanged (see under 18 above) 
t h e  wor ld  market w i l l  have t o  contend w i t h  surp luses and low p r i ces ,  and 
average per cap i t< )  consumption i n  the  densely populated c o u n t r i e s  o f  
South Asia w i l l  d e c l i n e  dur ing  t h e  per iod  1975-2010. The i n t r o d u c t i o n  
o f  a  p o l i c y  o f  s t a b l e  and r e l a t i v e l y  h igh  p r i c e s  on t h e  wor ld  market 
( r e a l i s e d  by t h e  r i c h  n a t i o n s )  would cause t h e  food s i t u a t i o n  i n  
developing coun t r ies  t o  improve as a  r e s u l t  o f  f a s t e r  p roduc t ion  growth. 
The a l t e r n a t i v e  runs which assume f a s t e r  economic growth show sim- 
l l a r  reac t ions ,  al though less pronounced, because by unchanged p o l i c y  the 
w o r l d  market p r i c e  leve l  i s  a l ready r e l a t i v e l y  h i g h  (Table 3, column 5 ) .  
24. Regulat ion o f  t h e  wor ld  market as intended under 23 above, assumes 
a  fundamental change i n  t h e  p o s i t i o n  which t h e  r i c h  c o u n t r i e s  take  
i n  t h e  i n t e r n a t i o n a l  t r a d e  i n  food. I t  i s  assumed, namely, t h a t  these 
c o u n t r i e s  w i l l  j o i n t l y  f u l f i l  a  b u f f e r  f u n c t i o n  on t h e  world market by 
f i n a n c i n g  s t o c k p i l e s  which w i l l  be s u f f i c i e n t  t o  b r i d g e  t h e  y e a r l y  f l u c -  
t u a t i o n s  i n  supply and demand. I n  a d d i t i o n ,  it i s  assumed t h a t  t h e  r i c h  
na t ions  w i l l  absorb the  s t r u c t u r a l  imbalances i n  wor ld  food supply by 
a  coord inated import and expor t  p o l i c y  t h a t  i s  o r i e n t e d  towards main- 
t a i n i n g  a  p a r t i c u l a r  wor ld  market p r i c e  l e v e l .  To f u l f i l  t h i s  l a t t e r  
func t ion ,  t h e  wealthy c o u n t r i e s  w i l l  need t o  be ab le  t o  i n f l u e n c e  t h e i r  
own p roduc t ion  o r  consumption (dependent on t h e  circumstances) i n  such 
a  way t h a t  t h e i r  ne t  p o s i t i o n  on t h e  wor ld  market w i l l  support t h e  i n -  
te rna t iona l l y -agreed  p r i c e  p o l i c y .  
According t o  the  model s imulat ions,  such r e g u l a t i o n  o f  the  import 
o r  expor t  balance i s  e s s e n t i a l  i f  t h e  long-term t a r g e t  i s  t o  be achieved. 
Under t h e  assumption o f  r a p i d  economic growth, t h e  maintenance o f  a  r e l -  
a t i v e l y  h igh  p r i c e  leve l  on t h e  wor ld  market w i l l  n o t  demand much e f f o r t  
on t h e  p a r t  o f  the  r i c h  coun t r ies .  I n  any s i n g l e  year i t  might  be neces- 
sary t o  r e s t r i c t  t h e i r  own consumption somewhat i n  o rder  t o  prevent  t h e  
wor ld  market p r i c e  r i s i n g  above t h e  intended p r i c e  leve l  (Table 3, c o l -  
umns 4  and 5 ) .  The h igher  t h i s  t a r g e t  p r i ce ,  t h e  less the  necessary con- 
sumption r e s t r i c t i o n .  
However, i f  t h e  wor ld 's  economic growth were t o  slow down, t h e  en- 
visaged r e g u l a t i o n  o f  the  world market would r e q u i r e  f a i r l y  d r a s t i c  meas- 
ures by which t o  l i m i t  t h e  growth o f  food product ion i n  t h e  r i c h  coun- 
t r i e s  (Table 3, columns 10 and 1 1 ) .  I n  f a c t ,  these c o u n t r i e s  w i l l  have 
t o  s i g n i f i c a n t l y  curb t h e i r  supply t o  t h e  world market i f  t h e  des i red  
p r i c e  leve l  i s  t o  be maintained. I n  t h e  re levan t  s i m u l a t i o n  run, Nor th 
America would even have t o  g i v e  up i t s  p o s i t i o n  as food expor te r ;  L a t i n  
America would then t a k e  over t h i s  f u n c t i o n  t o  a  considerable degree. 
2 .  Stdbl l i w t i o n  o f  t h e  world market p r i c e  a t  a r e l a t i v e l y  h i g h  l c v c l  
I I I U - ,  C)II&II) I t 9 * *  ! I~ .~I~I I , I   in~p~.ov~?~r~c! r~ I  i ~ t  t l i ~ ?  foocl : , ~ ~ p p  I  y  o f  poor courl- 
t r i e s  (measured i n  average food consumption per  c a p i t a ) .  The e x t e n t  o f  
hunger, however, i s  n o t  very s e n s i t i v e  t o  such a  p o l i c y .  I t  i s  t r u e  t h a t  
hunger decreases somewhat as a  h igher  i n t e r n a t i o n a l  p r i c e  leve l  i s  pur- 
sued, bu t  t h e r e  i s  no chance o f  i t s  being e l i m i n a t e d  (compare i n  Table 3, 
columns 4 and 5, r e s p e c t i v e l y  columns 10 and 1 1  ). Th is  i s  due t o  t h e  con- 
t r a s t i n g  in f luences which t h e  food p r i c e  leve l  has on t h e  purchasing 
power i n  t h e  poor c o u n t r i e s  o f  t h e  urban popu la t lon  on t h e  one hand, and 
o f  the  r u r a l  popu la t ion  on t h e  o t h e r  hand. High p r i c e s  favour t h e  f a r -  
mers (and t h e r e f o r e  t h e i r  consumption), bu t  operate t o  t h e  disadvantage 
o f  non-agr i cu l tu ra l  consuners, and v i c e  versa. 
Rcgu la t ion  o f  the  wor ld  market, the re fo re ,  no tw i ths tand ing  i t s  
p o s i t i v e  e t f e c t s ,  i s  no t  l i k e l y  t o  render food a i d  unnecessary. As we 
have ascer ta ined e a r l i e r ,  hur~ger i s  caused above a l l  by t h e  unequal d i s -  
t r i b u t i o n  o f  income w i t h i n  t h e  developing coun t r ies .  And t h i s  cause can 
hard ly  be e l im ina ted  w i t h  t h e  a i d  o f  the  i n t e r n a t i o n a l  p o l i c y  measures 
in t roduced above. 
A l l  t h e  same, t h e  hunger t h a t  p r e v a i l s  i n  t h e  wor ld  cannot be i g -  
nored. A wor ld market p o l i c y  combined w i t h  large-scale food a i d  cou ld  
a l l e v i a t e  hunger and a l s o  s t i m u l a t e  t h e  development o f  food p roduc t ion  
i n  t h a  poor c o u n t r i e s  (Table 5 ,  coiumns 6  and 12). MOIRA has shown t h a t  
purchases on behal f  o f  food t r a n s f e r s  can both support and o b s t r u c t  t h e  
world market p r i c e  p o l i c y ,  dependent on t h e  demand and supply p o s i t i o n .  
Under c o n d i t i o n s  o f  r a p i d  economic growth t h e  e x t r a  demand f o r  food i s  
more l i k e l y  t o  o b l i g e  t h e  r i c h  n a t i o n s  t o  reduce t h e i r  consumption. Un- 
der c o n d i t i o n s  o f  moderate growth, food a i d  w l l l  reduce t h e  necess i t y  
f o r  r i c h  c c u n t r i a s  t o  l i m i t  t h e i r  product ion growth (see paragraph 23). 
26. As an a l t e r n ~ t i v e  t o  d e l i b e r a t e  in f lue r l c ing  o f  wor ld  market p r i ces ,  
MOlRA was used t o  check t h e  e f f e c t  o f  a  l i b e r a l i s a t i o n  o f  i n t e r -  
na t iona l  t r a d e  i n  bas ic  foods. I t  i s  dssunled t h a t  t h e  r i c h  c o u n t r i e s  i n  
p a r t i c u l a r  would no longer p r o t a c t  t h e i r  domestic food markets. Under 
t h i s  assumption, hunger i n  t h e  per ioe 1975-2010 w i l l  average 10-15 per- 
cent  more than i f  pol i c i e s  remain unchanged. Product ion i r l  t h a  davelop- 
i n g  c o u n t r i e s  w i l l  grow nore s low ly  than ; f  p o l i c i e s  remain unchanged; 
i n  t h e  r i c h  c o u n t r i e s  i t  w i  l l grow more r a p i d l y .  N o r t h  Amer ica 's  e x p o r t  
p o s i t i o n  w i l l  be s t renc thened ;  on  t h e  o t h e r  hand, t h e  impor t  dependence 
o f  t h e  South As ian c o u n t r i e s  w i l l  be i nc reased .  L i b e r a l  i s a t i o n  o f  t r a d e  
p o l i c i e s  t h e r e f o r e  does n o t  appear t o  f a v o u r  a g r i c u l t u r e  and food  sup- 
p l y  i n  t h e  economica l l y  less-deve loped c o u n t r i e s .  
The Ro le  o f  t h e  R i ch  C o u n t r i e s  w i t h  r e g a r d  t o  World Food Supply 
27. The i n f l u e n c e  which t h e  r i c h  c o u n t r i e s  a r e  a b l e  t o  b r i n g  t o  bea r  
t o  sa feguard  t h e  w o r l d  food supp l y  i s  based on t h e  ( d i r e c t  and i n -  
d i r e c t )  r e l a t i o n s  between t h e  development o f  t h e  p r o d u c t i o n  and consump- 
t i o n  o f  food i n  t h e  i n d u s t r i a l i s e d  n a t i o n s  on t h e  one hand, and t h a t  i n  
t h e  d e v e l o p i n g  c o u n t r i e s  on  t h e  o t h e r  hand. However, t h e  c a p a c i t y  o f  
r i c h  c o u n t r i e s  t o  f a v o u r a b l y  i n f l u e n c e  t h e  s t r u c t u r e  o f  w o r l d  food sup- 
p l y  i n  t h i s  way proves t o  be f a i r l y  r e s t r i c t e d .  T h i s  i s  c h i e f l y  due t o  
t h e  preponderant  r o l e  t h a t  i s  t o  be p layed  by t h e  n a t i o n a l  p o l i c i e s  o f  
t h e  deve lop ing  c o u n t r i e s  w i t h  r e g a r d  t o  a g r i c u l t u r a l  development and i n -  
come d i s t r i b u t i o n .  Acco rd ing  t o  MOIRA, a  d e l i b e r a t e  change o f  income d i s -  
t r i b u t i o n  i n  t h e s e  c o u n t r i e s  i n  f a v o u r  o f  t h e  a g r i c u l t u r a l  s e c t o r  w i l l  
encourage p r o d u c t i o n  growth  and reduce t h e  impor t  dependence o f  coun- 
t r i e s  i n  South As ia  i n  p a r t i c u l a r  (Tab le  3, column 7 ) .  However, t h i s  
does n o t  reduce t h e  e x t e n t  o f  hunger.  A  l o w e r i n g  o f  hunger w i l l  be 
r e a l i z e d  o n l y  i f  income d i f f e r e n c e s  w i t h i n  b o t h  t h e  urban and t h e  r u r a l  
p o p u l a t i o n s  can be reduced (see paragraph 19 above) .  Here, too ,  p r i m a r y  
r e s p o n s i b i l i t y  l i e s  w i t h  t h e  d e v e l o p i n g  c o u n t r i e s  themselves.  
Never the less ,  t h e  r i c h  n a t i o n s  shou ld  be expected t o  do eve ry -  
t h i n g  w i t h i n  t h e i r  power t o  c r e a t e  i n t e r n a t i o n a l  c o n d i t i o n s  which w i l l  
be  conduc i ve  t o  t h e  improvement o f  t h e  food s i t u a t i o n  i n  t h e  poor  coun- 
t r i e s .  Techn i ca l  ~ n d  f i n a n c i a l  development a i d  i n  t h e  a g r i c u l t u r a l  sphere  
can o n l y  ach ieve  i t s  f u l l  e f f e c t  i f  t h e  d e s i r e d  p r o d u c t i o n  g row th  does 
n o t  p e t e r  o u t  because o f  l a c k  o f  pu rchas ing  power. T h i s  a p p l i e s  n o t  o n l y  
on t h e  r e g i o n a l  l e v e l  b u t  c e r t a i n l y  a l s o  on t h e  i n t e r n a t i o n a l  l e v e l .  For 
t h i s  reason, a  pu rpose fu l  wo r l d  market  p r i c e  p o l i c y  - e f f e c t u a t e d  by t h e  
r i c h  c o u n t r i e s  - w i  l  l  f o rm  an e s s e n t i a l  complement t o  t h e  i n c r e a s i n g  i n -  
t e l . nd t i o r i d l  e f f o r t  t h a t  i s  b e i n g  mdde t o  improve t h e  food 5upp ly  o f  t h e  
pour (-our1 t r i cb. 
28. The I n t e r n a t i o n a l  p o l l c y  f o r  agriculture and food supply advo- 
cated above requ i res  t h a t  t h e  r i c h  c o u n t r i e s  s i g n i f i c a n t l y  re-  
o r i e n t  t h e i r  a g r i c u l t u r a l  p o l i c i e s .  The r i v a l r y  between t h e  econornlc 
b locs  w i t h i n  t h e  western wor ld  (1.0. between Nor th America and t h e  
Common Market) w i t h  regard t o  a g r i c u l t u r a l  po l  l c l e s  w i  l I have t o  
make p lace f o r  a  cormon e f f o r t  towards a  g lobal  food supply p o l i c y .  
I n  pursuing t h e i r  n a t l o n a l  a g r i c u l t u r a l  policies, t h e  r i c h  c o u n t r i e s  
w i l l  have t o  make al lowances f o r  t h e  t a r g e t s  o f  t h i s  i n t e r n a t l o n a l  
p o l i c y .  The d e s i r e  t o  s t a b i l i s e  wor ld  market p r i c e s  a t  a  f a i r l y  h igh  
l e v e l  e n t a i l s  t h a t  t h e  r i c h  na t ions  should t a k e  m r e  e f f o r t  t o  adapt 
t h e  volume o f  t h e i r  own food p roduc t ion  (and i f  necessary a l s o  t h e i r  
own consumption) t o  t h e  i n t e r n a t i o n a l  demand and supply s i t u a t i o n .  A  
more f l e x i b l e  a g r i c u l t u r a l  p o l i c y  i s  then  necessary, as t h e  OECD has 
ascer ta ined (OECD, 1975)?) With t h i s  purpose I n  mlnd, t h e  r i c h  coun- 
t r i e s  w i l l  have t o  extend and complement t h e  inst ruments o f  t h e l r  
a g r i c u l t u r a l  p o l i c i e s  so t h a t  both na t iona l  and i n t e r n a t i o n a l  t a r g e t s  
can be rea l i sed .  As f a r  as t h e  European Common Market i s  concerned, 
t h i s  would s i g n i f y  t h a t  e f f i c i e n t  measures by which t o  i n f l u e n c e  t h e  
s i z e  o f  p roduc t ion  must be g iven  g r e a t e r  significance i n  t h e  i n s t r u -  
ment arsenal .  I n  view o f  t h e  i n t e r n a t i o n a l  i n t e r e s t s  which t h i s  would 
serve, it should be p o s s i b l e  t o  overcome any t e c h n i c a l  d i f f l c u l t l e s .  
29. The c o n d i t i o n s  under which r e g u l a t i o n  o f  t h e  world market would 
be p o s s i b l e  a r e  n o t  l i k e l y  t o  be f u l f i l l e d  from one day t o  t h e  
next .  A l l  t o o  f requen t l y ,  i n  f a c t ,  i n t e r n a t i o n a l  cooperat ion s t rands 
on t h e  p r i o r i t y  o f  n a t i o n a l  i n t e r e s t s .  I t  i s  t o  be hoped t h a t  t h e  
'Food f o r  a  Doubl i n g  World Populat ion '  study w i  l l be a b l e  t o  support 
t h e  e f f o r t s  t o  pu t  i n t e r n a t i o n a l  economlc relations a t  t h e  s e r v l c e  o f  
a  t a r g e t  t ranscending narrow na t iona l  i n t e r e s t s ,  i n  t h l s  case: su f -  
f  i c i e n t  food f o r  a l  I .  
T a b l e  3: Sevelopment o f  food p r o d u c t i o n  and consumpt ion ( i n  c o n s . p r o t . )  and o f  hunger i n  t h e  w o r l d  d u r i n g  1975-2010 under  
3 l t e r n a t i v e  assumpt ions r e g a r d i n g  t h e  p o l i c i e s  o f  r i c h  c o u n t r i e s  ( r e s u l t s  o f  MOIRA-s imula t ions l .  
I .  R e l a t i v e l y  h i g h  income g row th  o u t s i d e  t h e  a g r i c u l t u r a l  s e c t o r  
(1) (2) (3) 
Unchanged p o l i c y :  M i t i g a t i o n  o f  f ood  consump- Food a i d  on  a  l a r g e  s c a l e  
s tanda rd  r u n  t i o n  i n  r i c h  c o u n t r i e s  by t h e  r l c h  c o u n t r i e s  
1975 1980 1990 2000 2010 1980 1990 2000 2010 1980 1990 2000 2010 
- - - - -  - - - -  - - -- ( a )  T o t a l  a g r i c u l t u r a l  p r o d u c t i o n  
(108 kg .cons .p ro t . )  
N o r t h  America 520 600 858 1100 1210 600 727 780 780 595 881 1027 1300 
European Community 181 217 300 365 407 218 268 310 326 220 296 382 451 
L a t i n  America 246 319 A60 540 946 290 424 639 920 280 424 641 923 
T r o p i c a l  A f r i c a  91 106 1.7 227 355 95 148 163 219 95 150 210 305 
M i d d l e  Eas t  75 100 13, 198 250 100 130 221 268 100 120 220 283 
Southern As ia  326 389 452 593 641 398 320 552 382 410 481 645 750 
WORLD 2560 3067 4178 5430 6595 2950 3949 4810 5321 2964 4220 5354 6674 
( b )  Food consumpt ion ( f i s h  i n c l . )  
p e r  c a p u t  ( kg . cons .p ro t . )  
N o r t h  America 120 131 148 163 175 125 133 133 98 126 149 163 175 
European Community 104 110 128 142 155 105 113 I15 84 106 123 140 153 
La t  i n  America 48 53 64 77 91 52 62 76 92 52 64 78 91 
T r o p i c a l  A f r i c a  27 29 35 42 53 27 32 36 41 29 36 41 49 
' 4 i dd le  Eas t  38 46 52 69 74 45 55 63 81 48 55 69 82 
Southern As ia  25 27 27 29 28 26 25 25 20 27 29 32 33 
WORLD 50 54 61 68 73 53 58 63 60 53 62 70 75 
( c )  S e l f - s u f f i c i e n c y - r a t i o  f o r  
f ood  i n  cons .p ro t .  
N o r t h  America 
Eu r0 ,~ean  Comun i t v  
 ati in America 115 115 105 102 101 108 102 101 96 107 I00 99 100 
T r o p i c a l  A f r i c a  110 105 99 96 94 100 99 76 73 95 90 90 88 
t t i d d l e  Eas t  85 80 78 67 60 80 68 72 60 85 70 70 60 
Southern As ia  95 98 90 89 86 104 91 97 59 104 93 90 83 
( d )  P r i c e  i n d i c a t o r  w o r l d  f ood  
marke t  ('1965'=100) 77 307 232 316 442 397 218 24 -20 702 690 561 706 
( e l  Hunger: m i l l i o n  peop le  below y e a r l y  average y e a r l y  av. y e a r l y  av. 
minimum food  s tanda rd  (mln . )  - 1975 2010 i n  2010 1975-2010 i n  2010 1975-2010. 
g r o s s  370 1525 565 2880 7U5 1170 635 
n e t  - - - - 0 50 
T o t a l  food d e f i c i t  o f  
hungry  peop le  ( 1 0 ~ k ~ . c o n s . ~ r o t .  
g r o s s  31 127 4 7 240 59 9 7 5 3 
n e t  - - - - 0 4 
( a )  T o t a l  a g r i c u l t u r a l  p r o d u c t i o n  
( l o 8  kg .cons .p ro t . )  
N o r t h  America 
European Commun i t y  
L a t i n  America 
T r o p i c a l  A f r i c a  
M i d d l e  Eas t  
Southern As ia  
WORLD 
( b )  Food consumpt ion ( f i s h  i n c l . )  
p e r  c a p u t  ( k ~ . c o n s . p r o t .  ) 
N o r t h  America 
European Commun i t y  
L a t i n  America 
T r o p i c a l  A f r i c a  
M i d d l e  Eas t  
Southern As ia  
WORLD 
( c )  S e l f - s u f f i c i e n c y - r a t i o  f o r  
food i n  cons .p ro t .  
N o r t h  America 
European Community 
L a t i n  America 
T r o p i c a l  A f r i c a  
M i d d l e  Eas t  
Southern As ia  
( d l  P r i c e  i n d i c a t o r  wo r ld  food 
market  ( ' 1 9 6 5 ' = 1 0 0 )  
( e )  Hunger: m i l l i o n  peop le  below 
minimum food s tanda rd  (mln. )  
g ross  
n e t  
T o t a l  f w d  d e f i c i t  o f  hungry 
peop le  (10' kg.cons.prot .  ) 
gross  
n e t  
R e l a t i v e l y  h i g h  income growth o u t s i d e  t h e  a g r i c u l t u r a l  s e c t o r  
( 4 )  ( 5 )  
S tab i  l  i z a t i o n  o f  wo r ld  market  S t a b i l i z a t i o n  o f  wor ld  market  
p r i c e  around a  low l e v e l  (100 )  p r i c e  around a  r e l a t i v e l y  h i g h  l e v e l  (300)  
lPBa 1990 2000 2010 1980 1990 2000 
- - - - - -
2010 
-
127 112 78 135 294 33 7 3  14 340 
y e a r l y  av .  y e a r l y  av. 
i n  2010 1975-201 0  i n  2010 1975-2010 
1440 600 1320 545 
Table 3: ( con t inuod l  
( a )  Tota l  a g r i c u l t u r a l  p roduc t ion  
( l o 8  kg.cons.prot. ) 
North America 
European Commun i t y  
L a t i n  America 
T rop ica l  A f r i c a  
M idd le  East 
Southern Asia 
WORLD 
( b )  Food consumption ( f i s h  i n c l . )  
per caput (kg.cons.prot . )  
Nor th America 
European Community 
La t  i n America 
T rop ica l  A f r i c a  
M idd le  East 
Southern Asia 
WORLD 
( c )  S e l f - s u f f i c i e n c y - r a t i o  f o r  
f w d  i n  cons.prot. 
Nor th America 
European Community 
L a t i n  America 
T rop ica l  A f r i c a  
Middle East 
Southern Asia 
( d )  P r l c e  i n d i c a t o r  world food 
market ( '1965'=100) 
(el Hunger: m i l l i o n  people below 
minimum food standard (mln. )  
gross 
n e t  
Tota l  food d e f i c i t  o f  hungry 
people ( l o 8  kg.cons.prot . )  
gross 
n e t  
R e l a t i v e l y  h igh income growth o u t s i d e  the  a g r i c u l t u r a l  sec to r  
( 6 )  ( 7 )  
Food a i d  + p r i c e  s t a b i l i z a t i o n  Food a i d  + p r i c e  stab. h igh level  
around a r e l a t i v e l y  h igh  leve I (300)  decreasing income d i f f e r e n c e s  i n  c i t y  
+ higher  incomepos. agriculture 
1980 
-
1990 
-
2000 
-
20 10 
-
1980 
-
1990 
-
2000 2010 
-
176 190 
84 89 
101 101 
92 92 
70 65 
88 8 7 
317 37 1 
year l y  av. 
1975-201 0 
590 
30 
172 181 
78 82 
99 96 
105 103 
68 63 
96 90 
387 398 
y e a r l y  av. 
1975-2010 
294 
12 
Tab le  3: ( c o n t i n u e d )  
( a )  T o t a l  a g r i c u l t u r a l  p r o d u c t i o n  
( l o 8  kg .cons .p ro t . )  
N o r t h  America 
European Community 
L a t i n  America 
T r o p i c a l  A f r i c a  
M i d d l e  Eas t  
Southern As ia  
WOR LO 
( b )  Food consumpt ion ( f i s h  i n c l . )  
pe r  c a p u t  ( kg .cons .p ro t . )  
N o r t h  America 
European Commun i  t y  
L a t i n  America 
T r o p i c a l  A f r i c a  
M i d d l e  East  
Southern As ia  
WORLD 
( c )  S e l f - s u f f i c i e n c y - r a t i o  f o r  
food i n  cons .p ro t .  
N o r t h  America 
European Comnunity 
L a t i n  America 
T r o p i c a l  A f r i c a  
M i d d l e  East  
Southern As ia  
( d )  P r i c e  i n d i c a t o r  wo r ld  food 
market  ( ' 1 9 6 5 ' = 1 0 0 )  
( e )  Hunqer: m i l l i o n  peop le  below 
I I .  Moderate income g rowth  o u t s i d e  t h e  a g r i c u l t u r a l  s e c t o r  
( 8 )  ( 9 )  
Unchanaed o o l i c v  Food a i d  on a  l a r a e  s c a l e  
- 7  < 
s tanda rd  run  by t h e  r i c h  c o u n t r i e s  
1975 1980 1990 2000 2010 1980 1990 2000 2010 
- - - - -  
76 20 -17 70 24 331 104 126 121 
y e a r l y  average y e a r l y  av. 
minimum food s tanda rd  (ml n. ) 1975 2010 
a ross  1 6 0 0  820 
- 
n e t  - 
T o t a l  f ood  d e f i c i t  o f  
hungry peop le  ( 1 0 ~ k ~ . c o n s . ~ r o t .  
g ross  31 133 
n e t  - 
( 1 0 )  
S t a b i l i z a t i o n  o f  wo r ld  market  
p r i c e  around a low l e v e l  (100 )  
1980 1990 2000 2010 
- - -- 
5 56 98 147 
y e a r l y  av. 
Table 3: ( con t inued)  
( a )  Tot  I  a g r i c u l t u r a l  p roduc t ion  8 (10 kg.cons.prot.) 
Nor th America 
European C o n u n i t y  
L a t l n  America 
T rop ica l  A f r l c a  
Middle East 
Southern Asia 
WORLD 
( b )  Food consumption ( f i s h  i n c l . )  
per  caput (kg.cons.prot. ) 
North America 
European Community 
L a t i n  America 
T rop ica l  A f r i c a  
Middle East 
Southern Asia 
WORLD 
( c )  S e l f - s u f f i c i e n c y - r a t i o  f o r  
food i n  cons.prot .  
Nor th America 
European Conun i t y  
L a t i n  America 
T rop ica l  A f r i c a  
Middle East 
Southern Asia 
( d )  P r i c e  i n d i c a t o r  wor ld food 
market ( '1965'=100) 
( e l  Hunger: m i l l i o n  people below 
minlmum food standard (mln. 
gross 
ne t  
To ta l  food d e f i c i t  o f  hungry 
people ( l o 8  kg.cons.prot.) 
gross 
n e t  
1 1 .  b d e r a t e  income growth o u t s i d e  t h e  a g r i c u l t u r a l  sector  
( 1 1 )  (12)  
S t a b i l i z a t i o n  o f  wor ld market Food a i d  + p r i c e  s t a b i l i z a t i o n  
p r i c e  around a r e l a t i v e l y  h igh  leve I (300)  around a r e l a t i v e l y  h igh leve I (300)  
1980 1990 2000 
- - -
2010 1980 
- -
1990 2000 20 10 
- - -
y e a r l y  av. y e a r l y  av. 
1975-2010 i n  2010 1975-2010 
600 1610 723 
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Summary of the Discussion on MOIRA 
(A Model of International Relations in Agriculture) 
Edited by Gerhart Bruckmann 
GENERAL DEBATE 
In the general debate, Niaz raised the question of what was the main 
objective of the model, and what purpose should it serve, especially as a 
number of other institutions (e.g. FAO, USDA) have recently engaged in 
similar work. 
Linnemann replied that the main purpose of the study was to integrate 
and to deepen the already existing insights into the mechanisms that govern 
the international relations in agriculture. Beyond the scientific interest, 
the members of the groups were also led by moral motives to contribute 
toward a solution to the world food problem. If the notion of "triage" must 
be absolutely rejected, and if it can be shown that there is no absolute 
scarcity of food, but only maldistribution, it is worth investigating the 
results of possible solutions. 
MAXIMUM FOOD PRODUCTION 
A discussion followed the presentation by van Heemst, "The Absolute 
Maximum Food Production of the World". In particular, Etienne opined that 
the upper limits must be considered too high for a number of countries, often 
owing to given water constraints. This was also underlined by Levis. On the 
other hand, it might have been worthwhile to have taken into account ground 
water potentials as a source for irrigation; this might play a major role in 
countries such as India, Bangladesh, or China. Niaz pointed out that other 
limits are set by the area needed for non-food crops, and by the increasing 
land use for nonagricultural purposes. Weber underlined the need to consider 
who would have to assume the expense of expanding agricultural areas. In 
this connection, it must be tacitly assumed that all the necessary fertilizer 
must be provided without any restriction on available land. Meadows inquired 
whether land degradation was sufficiently considered in the model. 
Gallopin saw the need to differentiate between physical limits on one side, 
and limits owing to socio-political factors on the other side. 
In reply, van Heemst claimed that a hundred years ago nobody would 
have believed it possible to raise yields from one ton per hectare to five 
tons per hectare, as it is done today. He stressed, however, that the main 
purpose of the computation was to find the asymptote for the production 
function to be used in the model. Fertilizer was not considered in this 
connection, as it appears elsewhere in the model as a limiting factor. The 
relation of food crops to nonfood crops was assumed constant, for the purpose 
of this study. Moreover, land degradation was not considered owing to a lack 
of data. This means that for the computation of the maximum food production, 
such management was assumed as to avoid land degradation. On the other hand, 
land that was susceptive for soil degradation was excluded anyway. Lack of 
water for irrigation was taken care of by considering zones of different 
fertility. 
Rademaker proposed that not too much discussion time be devoted to this 
theoretical asymptote, which may be quite interesting but which plays only a 
minor role in the model. Etienne, supported by Bruckmann, said that he felt 
uneasy about this maximum food production concept inasfar as it might be 
easily mistaken by careless readers to be a goal readily attainable in the 
near future, and thus might be leading to a feeling of complacency. 
POPULATION 
As to the population projections used for the model (population being 
treated exogenously), Etienne wondered to what extent the most recent develop- 
ments had been incorporated. He mentioned in particular the fact that popu- 
lation growth rates have begun to decline in some important Asian countries 
(e.g. South Korea, China, Taiwan, Sri Lanka, and some parts of India). 
Bottomley suggested that population should have been broken down to economi- 
cally active and inactive population. Linnemann replied that it would have 
been difficult to distinguish between actively employed and total agricultural 
population. During seasonal peaks the whole family may be working, including 
members who at other times are working outside agriculture; at other times 
practically nobody may be working in agriculture. For other purposes, total 
agricultural population was needed anyway. The problem can be bypassed by 
assuming that all people in agriculture are available as a working force. 
A breakdown as suggested would not have added any precision. Population, 
being an exogenous variable, implies a given natural growth rate for both 
sectors taken together; the model limits itself to migrations between agri- 
cultural population and nonagricultural population. Parikh expressed doubts 
as to whether people actually migrate from agriculture to the cities for 
economic reasons, as reflected in the model; in most instances, they are 
economically worse off in the cities than they were in agriculture before 
they migrated. Linnemann admitted to the existence of meta-economic reasons; 
however, these reasons will be enhanced (or diminished) by economic factors. 
CLIMATE 
Kamrany raised the question of the climatic conditions. Whereas the 
model seems to assume constant conditions, he stressed that agricultural 
production may be much more dependent upon climatic fluctuations than upon 
price fluctuations. De Hoogh replied that the model does reflect climatic 
oscillations to a certain extent: in the model the oscillations observed in 
the seven year period from 1965 to 1971 were extrapolated over the thirty- 
five year period of the investigation. Bruckmann observed that this seven 
year period does not include a period of major crop failure in two successive 
years, as it happened in 1963-64 and again in 1972-73. He suggested that a 
"standard feasible disturbance" be defined and introduced deliberately into 
the model, and that trial runs be made to study the impact of such a standard 
feasible disturbance (or multiples thereof) at different periods of time on 
numerical outcomes of the model. 
CONSUMABLE PROTEIN 
A lengthy debate developed around the fact that the model reduces all 
food to one standardized commodity, namely consumable protein. Parikh asked 
how different price movements for different commodities and changes in con- 
sumer behavior could be reflected in the model if it only exhibits one com- 
modity. Niaz stressed that a reduction to consumable protein obscures the 
fact that a lower or higher part of it may be used for livestock production 
(or for non-food purposes). On the other hand, he did not see how noncereals 
(such as fruits and vegetables) could be transformed into consumable protein 
in a meaningful manner. If these commodities were left out, the model would 
not reflect sufficiently well the agricultural development potential. The 
model assumption that cereal crops will account constantly for 65 percent of 
the cultivated area must be seriously doubted. Also, the expected develop- 
ment of the presently non-irrigated areas should be discussed in more detail. 
Furthermore, it appears doubtful whether "malnutrition" can be properly 
assessed by an analysis of consumable protein only. 
Weber believed that the reduction to one standard cereal leads one to 
neglect the importance of local climatic conditions that would allow produc- 
tion increases of different cereals only in ditterent degrees. Gallopin, too, 
considered it important to split the calculations into different crops that 
are differently adapted for different regions. If local conditions could be 
properly taken care of, this might yield higher production increases than 
the model reveals. 
In reply, Linnemann stressed first that consumable proteins should not 
be confused with proteins actually consumed by man. Van Heemst claimed that 
most of the. local differences can be taken care of sufficiently well by the 
proper combination of consumable protein (as derived from the production of 
dry matter) and productivity of it for human consumption. "Consumable 
protein" does not stand for a particular cereal, nor for a standard cereal; 
it is a standard crop that has the properties of a cereal crop. Keyzer added 
(in reply to a written inquiry) that the model does not aim at reflecting 
differentiated price movements for such commodities as coffee, rubber, or 
cloth. In two later stages, food and nonfood agricultural products might be 
explicitly disconnected in the model. 
PRODUCTION FUNCTION 
Kulikowski raised the general question of whether or not the same 
results could have been obtained separately by using a much simpler pro- 
duction function, such as the Cobb-Douglas function for the agricultural 
and the nonagricultural sector. From whatever goal function one assumes, 
one can derive the proper allocation between capital and labor. However, 
there seems to exist an important time lag in agricultural investments that 
can be used for several years. For this problem, and for many similar ones, 
there exist standard economic and econometric procedures. What was the 
purpose of dev ia t ing  from these  procedures? Linnemann r e p l i e d  t h a t  t h e  
reasons f o r  t h e  choice of a  p a r t i c u l a r  product ion func t ion  were bo th  of a  
t h e o r e t i c a l  na ture  ( t o  al low f o r  diminishing r e t u r n s )  and of a  p r a c t i c a l  
na ture  ( t o  e x h i b i t  c e r t a i n  s t a t i s t i c a l  p r o p e r t i e s ) .  
CAPITAL 
Keyzer added t h a t  c a p i t a l  appears a s  c u r r e n t  input  f o r  s t a t i s t i c a l  
reasons and a l s o  because c a p i t a l  used was c a l c u l a t e d  from production r e a l i z e d .  
I n  r e p l y  t o  Gal lop in ' s  inqui ry  a s  t o  what e x t e n t  t echnica l  progress  has been 
incorporated i n  t h e  model, Linnemann s t a t e d  t h a t  embodied technica l  progress  
i s  r e f l e c t e d  by t h e  v a r i a b l e  C i n  a  r a t h e r  complicated way. 
Several  speakers  r a i s e d  t h e  ques t ion  of t o  what e x t e n t  i t  i s  j u s t i f i e d  
t o  r e f l e c t  a g r i c u l t u r a l  investment by t h e  number of t r a c t o r s .  Gal lopin under- 
l ined  t h a t ,  because of t h e  s t rong  c o r r e l a t i o n  between t r a c t o r s  and f e r t i l i z e r ,  
one can be  used a s  an i n d i c a t o r  of t h e  o t h e r .  Linnemann s t r e s s e d  t h a t  the  
number of t r a c t o r s  was used only once i n  t h e  c ross -sec t iona l  es t imat ion ;  
t h e r e  indeed, i t  has been assumed t h a t  t h e  number of t r a c t o r s  i s  a  r e l i a b l e  
i n d i c a t o r  of t h e  l e v e l  of mechanization o r  c a p i t a l i z a t i o n  of a g r i c u l t u r e .  
This  i s  not  t o  say t h a t  only t r a c t o r s  a r e  used. Many o ther  th ings  a r e  used 
a s  wel l ,  bu t  a l l  these  o t h e r  th ings  a r e  supposed t o  move p a r a l l e l  t o  e i t h e r  
the  number of t r a c t o r s ,  o r  t h e  amount of f e r t i l i z e r  used. 
DIMINISHING RETURNS 
A s  f o r  diminishing r e t u r n s ,  Niaz opined t h a t  ~ r o d u c t i o n  p o t e n t i a l i t i e s  
-
i n  many c o u n t r i e s  (e .g.  I r a n )  by f a r  exceed what t h e  model sugges t s .  
Richardson advised t h a t  one should not be misled by technica l  c o e f f i c i e n t s .  
I f ,  f o r  ins tance ,  t h e  average y i e l d  i n  Japan i s  four  times t h e  average y i e l d  
i n  I n d i a ,  one cannot conclude immediately t h a t  product ion f i g u r e s  can be 
quickly quadrupled i n  Ind ia .  I f  t h e  model i s  slow i n  t h a t  r e s p e c t ,  i t  re- 
f l e c t s  j u s t l y  t h e  p o l i t i c a l ,  economic and organ iza t iona l  mechanisms de te r -  
mining those d i f f e r e n c e s .  De Hoogh s t a t e d  t h a t  t h e r e  i s  h i s t o r i c a l  evidence 
t h a t  a g r i c u l t u r a l  product ion never exceeded a  growth r a t e  of 4 percen t .  So, 
t o  assume a  growth r a t e  of more than 3 percent  i n  South Asia a l ready  means 
a  f a s t  development. Of course,  with a  populat ion growth r a t e  of more than 
2 percent, there does not remain a high growth rate  o f  food production per 
capita.  
Gallopin expressed great i n t e res t  i n  the fac t  that  the model does not 
r e f l e c t  diminishing returns form the use o f  f e r t i l i z e r ,  i n  other words, that  
production depends on the input o f  f e r t i l i z e r  i n  a l inear way. Parikh also 
doubted t h i s ,  adding that  experiments have been carried out i n  India on a 
large scale,  showing that  (by  changing over t o  other v a r i e t i e s )  one can 
achieve high production increases without any additional use o f  f e r t i l i z e r .  
In rep ly ,  Linnemann explained why the l inear re la t ion  seems j u s t i f i e d :  
h i s tor i ca l  analyses show that  diminishing returns always were upset by other 
technological advances, result ing i n  a (quasi-)  l inear envelope curve. 
Ceteris  paribus, there cer ta in ly  would be diminishing returns from the  input 
o f  f e r t i l i z e r s ,  but the ce t e r i s  paribus clause simply i s  not given. On the 
other hand, overall input o f  capital  is-- in r e a l i t y  and i n  the  model--subject 
t o  diminishing re turns ,  as the marginal productivity o f  capital  i s  decreasing 
rapidly .  Waelbroeck admitted that  on a macro-economic l e v e l ,  l inear depend- 
ence o f  production from f e r t i l i z e r  input may be j u s t i f i e d .  The individual 
farmer, however, cer ta in ly  bases h i s  input decision on an awareness o f  the 
diminishing return on h i s  yield o f  f e r t i l i z e r  input .  Linnemann claimed that  
these fac t s  are taken in to  consideration by cer ta in  constraints  wi th in  the 
model. Keyzer agreed that  i n  principle a cross-section estimate i s  wrong 
to  show the behavior a t  a certain moment. However, the long-term function 
i s  an envelope o f  the short-term function.  
When taking h i s  production decis ion ,  the farmer i s  confronted wi th  a 
short-run production function which shows returns that  are more strongly 
diminishing than i n  the long-run production function.  This i s  caused by the 
f a c t  that  i n  the short-run some means o f  production are f ixed  and the ra te  
o f  change i n  technique i s  l imi ted .  
In  the model, t h i s  i s  r e f l ec t ed  by l i m i t s  on the short-run rate o f  
subs t i tu t ion  between capital  and labor, on the growth rate  o f  production by 
a distributed l a g  mechanism and by the fac t  that  labor supply i s  given i n  
the shor t-run. 
PRICE MECHANISM 
As for the functioning o f  the price mechanism, Kamrany raised the  
question o f  whether the model r e f l e c t s  s u f f i c i e n t l y  well the fac t  that  large 
p a r t s  of t h i s  world a r e  not  s u b j e c t  t o  i t :  i n  a l l  s o c i a l i s t  count r ies ,  
product ion d e c i s i o n s  a r e  being made independent of changes i n  world market 
p r i c e s  and t h e  same i s  t r u e  f o r  subs i s tence  farming worldwide. Keyzer 
r e p l i e d  t h a t  i t  i s  e s s e n t i a l  t o  d i s t i n g u i s h  between t h e  market mechanism i n  
genera l  and t h e  r o l e  t h a t  p r i c e  plays i n  d i f f e r e n t  c o u n t r i e s .  The i n t e r n a l  
p r i c e  may wel l  be regu la ted  w i t h i n  a  country and i n  t h e  model, an agr icu l -  
t u r a l  s e c t o r  may wel l  be  completely i n s e n s i t i v e  t o  p r i c e  changes because of 
i t s  i s o l a t i o n ;  b u t  a s  f o r  expor t s  and imports ,  t h e  same country would s t i l l  
depend on t h e  world market p r i c e .  On t h e  con t ra ry ,  i t  i s  one of t h e  main 
f e a t u r e s  of t h e  model t o  r e f l e c t  these  p o s s i b l e  d i f f e r e n c e s  of a g r i c u l t u r a l  
p r i c e s  on t h e  d i f f e r e n t  systems. 
Bruckmann pointed ou t  t h a t  t h e r e  may be important a r e a s  i n  which a g r i -  
c u l t u r a l  product ion may depend nega t ive ly  from p r i c e .  A s tory-- t rue or  not-- 
i s  t o l d  about a  U.N.  advisor  who showed t h e  people of some developing n a t i o n  
how t o  i n c r e a s e  t h e i r  y i e l d  three-fold;  re tu rn ing  t o  them t h e  next  year ,  he 
found them playing kahala  and t h e i r  f i e l d s  i d l e .  They ce lebra ted  him a s  t h e  
man who enabled them t o  work only one year  o u t  of t h r e e ,  being a b l e  t o  play 
kaha la  t h e  o t h e r  two years .  Also i n  i n d u s t r i a l i z e d  n a t i o n s  a  l a r g e  p a r t  of 
t h e  a g r i c u l t u r a l  populat ion may base i t s  product ion dec i s ions  on "expected 
s u f f i c i e n t  income"; when the  p r i c e  of a  product goes down, t h e  farmer pro- 
duces more of  i t  t o  make up f o r  t h e  l o s s  he otherwise has t o  i n c u r .  On 
second thought ,  however, while  being t r u e  on t h e  micro-level ,  i t  may n o t  be 
t r u e  on t h e  macro-level: the f a l l  i n  p r i c e s  may enhance t h e  movement of 
a g r i c u l t u r a l  populat ion t o  t h e  c i t i e s ,  and i f  t h i s  movement exceeds t h e  pro- 
duct ion i n c r e a s e  of t h e  farmers who decide t o  s t a y ,  t h e  o v e r a l l  r e s u l t  may 
be a  decrease i n  product ion.  
Par ikh  agreed wi th  Bruckmann; i n  I n d i a  t h e  marketable surp lus  goes up 
i f  p r i c e s  go down. Kamrany pointed ou t  t h a t  t h e  same experience was observed 
i n  t h e  U.S.A.; the  b i g  surp luses  i n  the  1950s r e s u l t e d  from the  i n d u s t r i a l  
farmer 's  a t tempt t o  o f f s e t  t h e  decrease i n  p r i c e s  by an increase  i n  pro- 
duc t ion .  E t ienne  added t h a t  i n  many s o c i e t i e s  c e r t a i n  foods tuf f s  a r e  no t  
being so ld  on t h e  market. I f  t h e  supply of m i l l e t  i n  some Afr ican  s o c i e t i e s  
exceeds consumption f o r  food purposes, t h e  excess  is  simply being used f o r  
more beer  p a r t i e s .  
Keyzer and Sanderson s t r e s s e d  the  need t o  d i f f e r e n t i a t e  between shor t -  
and long-term views. In  t h e  s h o r t  term, the  r e a c t i o n s  of t h e  ind iv idua l  
farmer may w e l l  be of t h e  kind a s  described by Bruckmann, Parikh and Etienne.  
I n  t h e  long term, however, higher  p r i c e s  f o r  food w i l l  enable more invest-  
ment, b e t t e r  i r r i g a t i o n  ~ r o j e c t s ,  and t h e  l i k e ,  than would have been f e a s i b l e  
otherwise.  The o ther  way around, Sanderson inquired about the  low e l a s t i c i t y  
exh ib i ted  i n  t h e  model. How can a  t r i p l i n g  of food p r i c e s  r e s u l t  i n  only 
such a  small inc rease  i n  production? Furthermore, t h i s  t r i p l i n g  of p r i c e  
l eads  i n  South Asia only t o  a  marginal improvement of t h e  a v a i l a b i l i t y  of 
food, b u t  no t  t o  a  s u b s t a n t i a l  improvement of the  d i s t r i b u t i o n .  Does one 
r e a l l y  have t o  r e s o r t  t o  a  complete revamping of the  world food economy i n  
o rder  t o  s o l v e  t h e  i n t e r n a l  d i s t r i b u t i o n  problem of South Asia? Obviously, 
t h e  most s t ra igh t forward  approach t o  the  problem would be a  p r i c e  po l icy  
i n  South Asia t h a t  would lead t o  a  more e q u i t a b l e  d i s t r i b u t i o n  of food. I n  
t h i s  case ,  one a l s o  would no t  have t o  go t o  a  t r i p l i n g  of p r i c e s .  The 
reasoning seems t o  be t h a t  most of t h e  hunger i s  i n  r u r a l  a r e a s  because 
most of t h e  populat ion i s  i n  r u r a l  a reas .  But by the  year  2000 t h i s  may 
have changed, a s  people a r e  migrat ing cons tan t ly  i n t o  t h e  c i t i e s .  The urban 
food problem is  becoming more and more important i n  South Asia .  So by t h e  
year  2000, a  high p r i c e  po l icy  may g r e a t l y  aggravate  t h e  problem i n  t h e  c i t i e s  
I n  r e p l y ,  d e  Hoogh s t a t e d  f i r s t  t h a t  the  p r i c e  shown i s  t h e  world market 
p r i c e ,  no t  t h e  i n t e r n a l  p r i c e  o f ,  f o r  example, Ind ia ,  and secondly, t h a t  pro- 
duc t ion  does no t  only change a s  a  r e s u l t  of the  p r i c e .  Tota l  a g r i c u l t u r a l  
populat ion,  on a  world l e v e l ,  i s  s t i l l  inc reas ing .  I n  s p i t e  of the  outf low 
of l abor  from a g r i c u l t u r e ,  i t  appears  t h a t  t h e  number of people i n  a g r i c u l t u r e  
i s  increas ing  during the  f o r e c a s t i n g  period of t h e  model. One of t h e  reasons 
why the  product ion is going up i s  the  increas ing  labor  f o r c e .  The r e l a t i v e  
l e v e l ,  t h e r e f o r e ,  must not  be seen a s  a  consequence of p r i c e s  only.  A t  l e a s t  
i n  i n d u s t r i a l i z e d  na t ions ,  farmers on t h e  whole w i l l  c e r t a i n l y  r e a c t  posi-  
t i v e l y  f o  p r i c e  changes; t h i s  i s  a t  l e a s t  t h e  assumption of the  model. 
Kamrany wished t h a t  t h e  model would have been a b l e  t o  e x h i b i t  a  com- 
par i son  between a  development owing t o  market f o r c e s  and a  p o s s i b l e  develop- 
ment i n  which market f o r c e s  were excluded a s  a  f a c t o r  t h a t  determines pro- 
duc t ion .  De Hoogh r e p l i e d  t h a t  t o  do t h i s ,  a  d i s t i n c t  mechanism would have 
t o  be s p e l l e d  ou t  a s  t o  how t o  determine world product ion without p r i c e s .  
Kamrany suggested t h a t  t h i s  could be done by e x t r a p o l a t i n g  the  p o t e n t i a l  pro- 
duc t ion  i n  dependence of t h e  physical  resources  of t h e  r e s p e c t i v e  country. 
I n  summarizing, de Hoogh defended the  model 's assumption t h a t  farmers ,  
a t  l e a s t  i n  t h e  developed count r ies ,  r e a c t  p o s i t i v e l y  t o  p r i c e  i n c r e a s e s .  
However, p r i c e  i n c r e a s e s  f o r  food induce an increase  i n  food consumption by 
t h e  farming s e c t o r .  So a  perverse r e a c t i o n  of n e t  supply on a  p r i c e  increase  
i s  p o s s i b l e .  
Batteke claimed t h a t  a  s e r i o u s  shortcoming of the model was the  f a c t  
t h a t  government in te rven t ions  i n  t h e  form of t axes ,  subs id ies  and t h e  l i k e  
a r e  not  e x p l i c i t l y  considered,  a s  they a r e  c e r t a i n l y  instrumental  i n  in- 
f luenc ing  farmers '  dec i s ions .  Linnemann r e p l i e d  t h a t  keeping domestic p r i c e s  
s e p a r a t e  from the  world t r a d e  market p r i c e  al lows one t o  subsume a  sub- 
s t a n t i a l  p a r t  of government f i n a n c i a l  i n t e r v e n t i o n s .  Keyzer added t h a t  
p r i c e s  a r e  being est imated from the  model a s  shadow p r i c e s .  
EDUCATION 
Mil lendor fe r  inquired t o  what e x t e n t  the  product ion func t ions  used re -  
f l e c t  d i f f e r e n c e s  i n  the  educa t iona l  l e v e l  of a  populat ion.  Linnemann 
answered t h a t  t h e  ca tch  v a r i a b l e  "cap i ta l "  is  thought t o  comprise any in- 
vestments, inc lud ing  any expenditures  on educat ion.  
POPULATION PRESSURE 
Etienne challenged t h e  assumption t h a t  populat ion pressure  l eads  t o  
increased product ion.  
CENTRALIZED ECONOMICS 
Kulikowski s t a t e d  t h a t  the  model d i d  not seem t o  r e f l e c t  properly the  
mechanisms a t  work i n  centrally-governed economies. By t h e  mechanisms ava i l -  
a b l e  t o  them, they a r e  a b l e  t o  f a r e  f a r  b e t t e r  than t h e  model sugges t s .  
Linnemann r e p l i e d  t h a t  he and h i s  team a r e  f u l l y  aware t h a t  the  c e n t r a l l y -  
governed economies were t r e a t e d  r a t h e r  c rude ly ,  and he welcomed whatever 
information w i l l  be furn i shed .  
Niaz r a i s e d  the  ques t ion  of t o  what e x t e n t  "hunger" is  mainly the  
-
consequence of uneven d i s t r i b u t i o n ,  a s  s t a t e d  i n  the  model, and t o  what 
e x t e n t  i t  i s  t r u l y  def ic iency  i n  a b s o l u t e  quant i ty .  Parikh wondered why, 
i n  t h e  model, hunger increases  when t h e  p r i c e  f o r  food decreases .  De Hoogh 
r e p l i e d  t h a t  t h i s  is  because with t h e  decreasing p r i c e  f o r  a g r i c u l t u r a l  
products ,  a g r i c u l t u r a l  income goes down; t h i s  more than upse t s  t h e  benevolent 
e f f e c t s  of lower food p r i c e s  f o r  t h e  nonagr icu l tu ra l  consumer. De Haen 
suggested including e x p l i c i t l y  i n  the model some r e l a t i o n  between t h e  
n u t r i t i o n a l  l e v e l  and labor  p r o d u c t i v i t y ,  f o r  many p a r t s  of t h e  world. 
De Hoogh r e p l i e d  t h a t  t h i s  l i n k  c e r t a i n l y  e x i s t s  and i t  could a l s o  be incor- 
porated i n  t h e  model without d i f f i c u l t y ;  however, d a t a  on the  form of t h i s  
l i n k  a r e  missing. A s  f o r  s y n t h e t i c  food, de Hoogh s t a t e d  t h a t  i n  t h e  modelers '  
opinion,  s y n t h e t i c  food w i l l  no t  c o n t r i b u t e  much t o  the r e a l  problem of 
hunger i n  t h e  world, f o r  the fol lowing reasons:  hunger was mainly a  lack of 
purchasing power, and t h e  product ion of s y n t h e t i c  food was l i k e l y  t o  be 
r e a l i z e d  i n  t h e  i n d u s t r i a l i z e d  na t ions  f i r s t .  There i s  no reason t o  b e l i e v e  
t h a t  t h a t  form of food product ion w i l l  make it e a s i e r  t o  e l imina te  hunger i n  
t h e  world. Hence, the  production of s y n t h e t i c  food was n o t  considered i n  
t h e  model. 
BUFFER STOCKS 
Keyzer underl ined aga in  the  assumption of tho model t h a t  t h e  buf fe r  
s tock  t o  be e s t a b l i s h e d  by t h e  developed count r ies  would no t  be an o b j e c t  
of specu la t ion ;  on the  con t ra ry ,  i t  would have t o  be handled i n  an exac t  way 
s o  a s  t o  o f f s e t  specu la t ion .  Parikh inquired whether i t  would not  make more 
sense  i f  a  country such a s  I n d i a  would e s t a b l i s h  i t s  own s t o c k ,  t o  be inde- 
pendent from i n t e r n a t i o n a l  p r i c e  f l u c t u t a t i o n s .  Keyzer admitted t h a t  keeping 
n a t i o n a l  s tocks  c e r t a i n l y  is a  meaningful po l icy ,  but  t h i s  po l icy  apparent ly 
has h i t h e r t o  f a i l e d  t o  cope s u f f i c i e n t l y  with f l u c t u a t i o n s .  Therefore,  an 
i n t e r n a t i o n a l  buf fe r  s tock  is  proposed. 
SUMMARIZING CRITIQUE 
Richardson asked t o  what e x t e n t  can we j u s t i f y  the  assumption t h a t  
the  parameters derived from an a n a l y s i s  of the  period 1965-71 w i l l  remain 
v a l i d  f o r  the  e n t i r e  f o r e c a s t i n g  per iod ,  t h a t  i s  up t o  2010? Keyzer r e p l i e d  
t h a t  1965-71 served a s  a  c a l i b r a t i o n  period f o r  es t imat ing  the  parameters 
and their possible variations as well as the model relations including the 
the shadow prices for the base period. 
Etienne stressed the importance of being aware of the enormous margin 
of error of most agricultural data. 
Meadows inquired how current government policies to maintain agricul- 
tural/nonagricultura1 price balance were obtained. Keyzer replied that the 
assumptions were based upon the information gained in numerous discussions 
with experts from the Common Market, the World Bank, and from developing 
countries. Meadows pointed out that the model rests on the (tacit) assumption 
that it is easier to change the world economic order than the world social 
institutions which contribute to population growth. The overall goal should 
be to change both: Sanderson, too, questioned whether it would be easier to 
change the world economic order than to change national policies. De Hoogh 
clarified that at no point is it claimed that it would be easy to change the 
world economic order; all the model strives for is to show what the effect 
of such a change would be. 
Waelbroeck said that the most important question to be asked of any 
model is whether it includes all the relevant mechanisms. Now the market 
mechanism may prove relevant for only a fairly small part of the total world 
food production; a much higher part may be independent of the market price 
inasfar as food production may depend on government decisons on irrigation, 
education or farmers, and so forth. Furthermore, it may not be true that 
price elasticity works only via the income distribution. In the United States, 
for instance, we certainly have a direct price elasticity of demand; if 
prices go up, demand will go down, much more strongly than is shown in the 
model. 
In reply, de Hoogh stressed again the difference between the market 
price and the shadow price. This shadow price, as originally calculated from 
the base period, expresses both the market price and also all corrections 
owing to government interventions influencing agriculture. This seems to be 
the only way to avoid having to consider explicitly the huge number of 
government measures existing in different countries. 
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ABSTRACT 
The paper deals with modelling of complex development systems includ- 
ing production, consumption and environment. The production subsystem con- 
sists of n given sectors described by CES production functions. The decen- 
tralized decision system allocates the GNP among the given spheres of activ- 
ity including investments, consumption, government expenditures, and envi- 
ronment, in such a way that the given utility function attains the maximum 
value. The utility function changes along with GNP per capita. Then the 
price indices can be computed. The price changes result in a change in the 
production function technological coefficients. The future projections of 
development processes can be derived in the iterative form. All the model 
parameters can be derived from historical data. 
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A World A g r i c u l t u r a l  Model: An Input-Output Research Proposa l  
Anthony Bottomley, Donald Nudds, John Dunworth, 
Douglas J e f f r e y ,  and David Tay lo r  
INTRODUCTION 
The r e s e a r c h  i s  based on some 300-plus n a t i o n a l  input-output  t a b l e s  f o r  
some 80 d i f f e r e n t  c o u n t r i e s .  The d a t a  were c o l l e c t e d  by t h e  Input-Output 
Research Group a t  t h e  U n i v e r s i t y  of Bradford; t h e  c o u n t r i e s  f o r  which we have 
input-output  m a t r i c e s  a r e  l i s t e d  i n  Table  1. These t a b l e s  have been aggre- 
ga ted  i n t o  t h e  10  by 10  s t andard  format  a s  shown f o r  Zambia i n  Tab le  2. We 
hold o t h e r  m a t r i c e s  which have not y e t  been so  t r e a t e d .  The money f lows  
shown i n  Tab le  2  have a l s o  been t r a n s l a t e d  i n t o  t a b l e s  g i v i n g  pe rcen tages  of 
g r o s s  o u t p u t  i n  each element of t h e  m a t r i x ,  t e c h n i c a l  c o e f f i c i e n t s  and t h e  
Leon t i e f  i n v e r s e .  A l l  a r e  s t o r e d  on magnet ic  f i l e s  i n  t h e  U n i v e r s i t y  of 
Bradford computer and can be e a s i l y  p r i n t e d  o u t  i n  t h e  form of Tab les  Al ,  A2, 
and A3 f o r  Zambia i n  Appendix A. 
We f i r s t  propose t o  i n c r e a s e  t h e  number of t h e s e  t a b l e s  so  a s  t o  i n c l u d e  
c o u n t r i e s  t h a t  had p r e v i o u s l y  been o m i t t e d ;  they w i l l  t h e n  comprise  our  i n i -  
t i a l  world model. Second, we w i l l  c o n s t r u c t  an  i n t e r n a t i o n a l  t r a d e  m a t r i x  so  
a s  t o  connect  t h e  i n d i v i d u a l  m a t r i c e s  f o r  each coun t ry  d e s c r i b e d  above i n  t h e  
manner o u t l i n e d  i n  Tab le  3.  Th i rd ,  we w i l l  expand bo th  t h e  i n d i v i d u a l  coun t ry  
and t h e  world t r a d e  m a t r i c e s  t o  i n c o r p o r a t e  t h e  21 by 21 i n t e r - i n d u s t r y  f low 
m a t r i x  g iven  i n  Tab le  4.  T h i s  l a s t  t r a n s l a t e s  t h e  world model which w i l l  b e  
c o n s t r u c t e d  i n  t h e  f i r s t  and second s t a g e s  i n t o  a  d e t a i l e d  a g r i c u l t u r a l  model 
w i t h  c o n s i d e r a b l e  d i s a g g r e g a t i o n  of t h e  a g r i c u l t u r a l  and chemical s e c t o r s .  
Four th ,  we w i l l  app ly  t h e  model t o  t h e  k i n d s  of u s e s  l i s t e d  i n  S e c t i o n  I V  of 
t h i s  p roposa l .  
A l l  f o u r  of t h e  s t a g e s  o u t l i n e d  above w i l l  be  expressed i n  terms o f  a  
1970 b a s e  y e a r  model and a  1980 p r o j e c t e d  model, a l though  we may b e  a b l e  
l a t e r  t o  extend t h e  p r o j e c t i o n s  t o  1990. We t h e r e f o r e  d e a l  w i t h  each of t h e s e  
s t a g e s  i n  t u r n .  
I. CONSTRUCTION OF INDIVIDUAL INTER-INDUSTRY FLOW MATRICES FOR 1970 
AND 1980 TO COVER THE WORLD 
These must comprise both  domest ic  and g r o s s  product  i n t e r - i n d u s t r y  f low 
m a t r i c e s  f o r  1970 and 1980. We chose t h e s e  d a t e s  because they  cover  t h e  FAO's 
AgricuZturaZ Conunodity Projections 1970-1980 which form t h e  b a s i s  of t h e  a g r i -  
c u l t u r a l  model d i scussed  below. We hear  t h a t  t h e s e  p r o j e c t i o n s  have been up- 
d a t e d  t o  1990; i f  t h i s  is  so ,  our  model w i l l  r u n  t o  t h a t  l a t e r .  
Table 1. L i s t  of input-output t a b l e s  held a t  t h e  Univers i ty  of Bradford, UK. 
COUNTRY YEARS 
A l g e r i a  1954, 1957, 1963 
Antigua 1963 
Argent ina 1950*, 1953*, 1959, 1960 
A u s t r a l i a  1946-47, 1943-54, 1958-59*, 1962-63" 
A u s t r i a  1964" 
Belgium 1953, 1958, 1959, 1965* 
B o l i v i a  1958 
B r a z i l  1959 
Bulgaria  1963 
Cambodia 1966" 
Cameroun 1959 
Canada 1949*, 1961 
Ceylon ( S r i  Lanka) 1963*, 1965, 1968, 1970 
Colombia 1953, 1968 
Costa  Rica 1957 
Cyprus 1954*, 1957* 
Czechoslovakia 1962* 
Denmark 1946, 1947*, 1948*, 1949, 1953, 1958, 1966* 
Ecuador 1963 
Egypt 1954" 
F i j i  1970*, 1971* 
Finland 1956*, 1959*, 1963, 1965 
France 
Eas t  Germany 1956*, 1959* 
West Germany 1950, 1953, 1954*, 1955*, 1956*, 1957*, 
1958*, 1959*, 1960*, 1961*, 1962*, 1963*, 
1964*, 1965*, 1966*, 1967*, 1970 
Ghana 1960* 
Greece 1954*, 1958*, 1960*, 1966 
Guyana 1959" 
Hungary 1957, 1959, 1964, 1965, 1966, 1967, 1968, 1971 
I n d i a  1951-52, 1953-54, 1955-56, 1959, 1960-61*, 
1964-65 
Indonesia  1969 
I r a n  1965" 
I raq  1960*, 1961*, 1962*, 1963*, 1967 
I r e l a n d  1956*, 1960*, 1964*, 1968 
I s r a e l  1958, 1968*-69* 
I t a l y  1950, 1953, 1959*, 1965, 1967*, 1969*, 1970 
Ivory Coast 1958, 1960, 1962, 1963 
Jamaica 1958*, 1965, 1970, 1975 
Japan 1951, 1954, 1965, 1970 
Jordan 1964, 1967, 1969 
Kenya 1967* 
Korea 1960*, 1963, 1966*, 1968*, 1970* 
Lebanon 1964 
Mainland China 
Madagascar 
Malaysia 
Mali 
Malta 
Mexico 
Morocco 
Netherlands 
New Zealand 
Nigeria 
Northern Ireland 
Norway 
Pakistan 
Peru 
Philippines 
Po 1 and 
Portugal 
Puerto Rico 
Rhodesia 
Rwanda 
Senegal 
Singapore 
South Africa 
Spain 
Sudan . 
Sweden 
Syria 
Taiwan 
Tanganyika 
Thailand 
Trinidad 
Tunisia 
Turkey 
United Kingdom 
United States 
USSR 
Virgin Islands 
Yugoslavia 
Zaire 
Zambia 
* 
Tables comprising both domestic and import matrices. 
Table 2. Input-output table for Zambia, 1969 (in millions of Zambian Kwacha) 
a u 
4 m 
U U 
1 2  3 4 5 6 7 , E  9 l O ~ ~ ~ $  o U o  n u  0 
Agriculture 1~1.~~2.18~18.96/1.19~1.19~0.03~1.2~~0.23~0.00:0.57~26.82,78.11 72.911 5.201104.83/14.72,90.111 t 
fining 2 
Chemicals 48.29 
; 
*tal Manufg. $ 1.98 
0.19 
Unspecified 
Manuf g . 7 
Construction 
Foo&tuf fs 3 1 - 2 4  
Textiles 41.18 
I 
14.35; 6-43 I 
15.14j 2.121 0.30 
Ener~] 9 
- 
services 10 
Total Input l h .  1922.9)15.85 / 24.02 37.88 142.42 172.57160.991 38.24)38.01~ 
I 
0.23 1.34 
1 
0.55 0.m 
0.031 0.01 
32.561 0.13 
0.53112.14 
2.24126.20 
00.82/26.24 
Value Added 1%9.16)616.12 
Import Row 
o.ao 
0.00 
o.~413.12/ 1.521 4.431 4.70 
o.48/11.9oi 6 . 4  31.55 
1.20/ 16.81 
2.72) 72.73 
Total Output 1943.06 
I I 
0.421 1.501 1.96 
; 
0.14j 0.891 8.92 
2.101 0.88 
12.221 0.52 
69.03 
46.82 
0.4419.44 
2.04 14.13 
0.07 
13-07 
1 
o.oo/ 38.411 793.18;-.3o.o2 
0.96 
0.61 
14.69 
73.721 30.051 29.68 
85.72i136.861125.16 
0.11 
2.13 
azo.iole2s.s~ 
-- 
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There a r e  p a r t s  of the  globe which a r e  no t  ye t  covered by our c o l l e c t i o n  
of t a b l e s ,  and gaps w i l l  remain even though t h e  search  goes on f o r  more 
country t a b l e s .  Therefore, a  p r i n c i p l e  of analogy w i l l  have t o  be adduced i n  
order  t o  c o n s t r u c t  hypothe t ica l  t a b l e s  f o r  count r ies  f o r  which matr ices  do not 
y e t  e x i s t .  We have a l ready  grouped c o u n t r i e s  of s i m i l a r  economic s t r u c t u r e ,  
and w i l l  t h e r e f o r e  t ake  t h e  average element c o e f f i c i e n t s  f o r  a  p a r t i c u l a r  
group and assume t h a t  these  hold f o r  count r ies  which would belong i n  t h a t  group 
but which do not  y e t  have t h e i r  own input-output d a t a .  Countr ies  w i l l  be 
grouped according t o  per c a p i t a  Gross Domestic Product (GDP), geographical loca- 
t i o n  and cl imate,  c u l t u r a l  a f f i n i t y  and t h e  l i k e .  We have a l ready  c a r r i e d  out  
prel iminary a n a l y s i s  along these  l i n e s  f o r  the  World Employment Programme of 
t h e  I n t e r n a t i o n a l  Labour Off ice  (ILO), but t h e r e  appears  t o  be cons iderab le  
var iance  around c o - e f f i c i e n t  means. Nevertheless ,  we see  no a l t e r n a t i v e  t o  
t h i s  approach of adding t o  t h e  model those c o u n t r i e s  which do not y e t  have 
input-output t a b l e s .  Perhaps we can console ourse lves  with t h e  knowledge t h a t  
we have t a b l e s  covering most of t h e  world 's  populat ion,  a l though many of these  
a r e  more than t e n  years  o ld  and t h e  d a t a  f o r  China a r e  specu la t ive  i n  composi- 
t i o n .  Nevertheless ,  our supposi t ion remains t h a t  t h e  model w i l l  give us  the  
r e l a t i v e  orders  of magnitude f o r  i t s  d i f f e r e n t  components and these  w i l l  be 
revea l ing  from a  policy-making po in t  of view. I d e a l l y ,  base year  1970, GDP's 
divided by s e c t o r  would be fed through t h e  Leontief inverses  of updated input- 
output  t a b l e s  where o r i g i n a l s  e x i s t  and through t h e  foregoing hypothe t ica l  
t a b l e s  where they do no t ;  c e r t a i n l y  t h i s  w i l l  be t h e  method f o r  f o r e c a s t i n g  
t h e  1980 or  1990 t a b l e s .  GDP f o r  1980 or  1990 can be apportioned between t h e  
s e p a r a t e  elements of f i n a l  demand i n  accordance wi th  t h e  l a t e s t  known d i s t r i -  
but ion,  o r  fol lowing a  regress ion  a n a l y s i s  of how t h e s e  proport ions change 
with changes i n  per c a p i t a  GDP ( i . e . ,  s e c t o r  income-elast ic i ty  of demands). 
I n  t h e  case of t h e  1970 base year ,  we do know how va lue  added i s  d i s t r i b u t e d  
along t h e  rows i n  accordance with t h e  d a t a  contained by country i n  t h e  UN 
Yearbook o f  National Accounts S t a t i s t i c s  o r ,  t o  be more accura te ,  we can gen- 
e r a l l y  a s s i g n  a  va lue  added (VA) f i g u r e  t o  columns 1 and 2 separa te ly ,  another  
f i g u r e  t o  columns 4 ,  5, 6 and 7  i n  t o t a l ,  and y e t  another  t o  columns 8, 9  and 
10 i n  Table 2 .  Orig ina l  proport ions i n  t h e  va lue  added column can be re ta ined  
where t h e  1970 f i g u r e  s t r a d d l e s  more than one column. 
Apportioning t h e  1970 domestic and export GDPs from t h e  Yearbook o f  National 
Accounts and processing t h e  r e s u l t  through the  supposed 1970 Leontief inverse  
may g ive  a  va lue  added d i s t r i b u t i o n  along i t s  row which does not  accord wi th  t h a t  
found i n  t h e  Yearbook. This  w i l l  mean t h a t  e i t h e r  f i n a l  demand has been wrongly 
d i s t r i b u t e d  between s e c t o r s  o r  t h a t  t h e  in te r - indus t ry  flow c o e f f i c i e n t s  used 
a r e  inaccura te .  Serious discrepancy w i l l  mean t h a t  we w i l l  have t o  r e v i s e  one 
o r  t h e  o ther  o r  both of these.  I f ,  f o r  example, we assume t h a t  proport ions 
between t h e  s e c t o r  va lue  added and t h e  column t o t a l  remain a s  i n  t h e  o r i g i n a l  
t a b l e ,  then we can d e r i v e  column t o t a l s  and hence in te rmedia te  row t o t a l s  a s  
wel l  a s  t o  accord wi th  whatever d i s t r i b u t i o n  of f i n a l  demand we may use.  Thus 
t h e  gross  and intermediate  row and column t o t a l s  so derived w i l l  al low us t o  
determine in te r - indus t ry  flow c o e f f i c i e n t s  by t h e  PAS method; but t h i s  adds 
f u r t h e r  elements of doubt t o  a  method of c o e f f i c i e n t  p r e d i c t i o n  which i s  
a l ready  f r e q u e n t l y  inaccura te .  
I f ,  however, reasonably convincing r e s u l t s  can be adduced from one or  t h e  
o ther  of these  methodologies, then we w i l l  be a b l e  t o  der ive  Uganda's input- 
output t a b l e ,  say, from i t s  1970 GDP. A f i n a l  demand column vec tor  can then 
be processed through an average, but s t i l l  hypothe t ica l  Leontief inverse.  Some 
very small s t a t e s ,  such a s  those of t h e  Eastern Caribbean, may be put toge ther  
f o r  t h e  purposes of our model, with t h e i r  aggregated GDPs being processed 
through t h e  Leontief inverse  f o r  Antigua--the only s t a t e  i n  t h i s  reg ion  f o r  
which we possess a  t a b l e .  
Then too,  only the  s t a r r e d  t a b l e s  l i s t e d  i n  Table 1 comprise both domes- 
t i c  and import mat r ices  which a r e  needed f o r  a  world t r a d e  model. We w i l l  
t h e r e f o r e  have t o  extend t h e  p r i n c i p l e  of analogy t o  solving t h i s  problem. 
The s t a r r e d  t a b l e s  wi th in  each group of count r ies  wi th  s i m i l a r  economic s t ruc-  
t u r e s  w i l l  be taken a s  r e p r e s e n t a t i v e  of t h e  a l l o c a t i o n  of in te r - indus t ry  
flows between domestic and imported production. The average element-by- 
element proport ions along t h e  import rows so revealed w i l l  i n i t i a l l y  be taken 
a s  applying t o  a l l  o ther  c o u n t r i e s  wi th in  the  same group which have gross  
flow t a b l e s  only;  t h e  domestic and import mat r ices  w i l l  be thus adduced from 
t h e  import s t a t i s t i c s  t o t a l  by s e c t o r  OF o r i g i n ,  a s  discussed i n  Sec t ion  11. 
The requi red  GDPs f o r  1980 w i l l  be those used i n  t h e  FAOs Comodity Pro- 
j e c t i o n s  1970-1980, o r  through t o  1990 i f  they become a v a i l a b l e .  The 1980 
p r o j e c t i o n s  a r e  c e r t a i n  t o  be too  high a s  they d id  not  t ake  i n t o  account t h e  
i n f l a t i o n  and t h e  oil-price-induced recess ion  of che mid-1970s; only 30 percent  
of t h e  p ro jec ted  increased a g r i c u l t u r a l  demand i s  higher per c a p i t a  income a s  
opposed t o  populat ion induced. Nevertheless ,  some method f o r  s e n s i t i v i t y  
t e s t i n g  of t h e  model f o r  d i f f e r e n c e s  i n  assumptions regarding changes i n  GDPs 
w i l l  have t o  be devised.  Fur ther ,  we have no t a b l e s  a t  a l l  f o r  1980 (or  1990) 
so a  process  of updating pre-1970 in te r - indus t ry  c o e f f i c i e n t s  t o  1970 and of 
p r o j e c t i n g  them through t o  1980 w i l l  have t o  be devised before t h e  r e a l i z e d  
1970 GDPs and projected 1980 GDPs can be fed  through t h e  r e s u l t i ~ ~ g  inverses .  
This  may be done i n  one of t h r e e  ways or  through a  combination thereof .  These 
techniques a r e :  the  RAS method; a  c ross -sec t ion  and/or time s e r i e s  a n a l y s i s  
of c o e f f i c i e n t  change; and t h e  use  of t h e  l a t e s t ,  una l te red  c o e f f i c i e n t s .  
The RAS method of updat ing input-output c o e f f i c i e n t s  has  been mentioned. 
It i s  a  technique f a m i l i a r  t o  t h a t  used by research  workers i n  t h e  input- 
output  f i e l d .  However, it r e q u i r e s  a  knowledge of in te rmedia te  input  and 
va lue  added together  with f i n a l  demand and in te rmedia te  output  t o t a l s  f o r  
each s e c t o r  i n  t h e  matr ix.  I n  the  major i ty  of cases ,  we w i l l  not  be a b l e  t o  
o b t a i n  t h e  necessary f i r m  d a t a .  Thus an a l t e r n a t i v e  approach t o  updating and 
p r o j e c t i n g  mat r ices  must be found un less  we a r e  prepared t o  accept  t h e  method 
f o r  a r r i v i n g  a t  g ross  and in te rmedia te  row and column t o t a l s  previously out- 
l i n e d  f o r  t h e  base year .  
Cross-sect ion and t ime-ser ies  c o e f f i c i e n t  change research  i s  c u r r e n t l y  
being undertaken a t  Bradford f o r  t h e  World Employment Programme of t h e  ILO. 
This  has involved examining groups of "standardized" ind iv idua l  country i n t e r -  
indus t ry  flow mat r ices  i n  both c ross -sec t ion  and t ime-ser ies .  Changes i n  ele-  
m e n t c o e f f i c i e n t s ,  t h e  so c a l l e d  a .  a r e  being regressed a g a i n s t  changes i n  li s '  
per c a p i t a  incomes a s  well  a s  aga ins t  a  v a r i e t y  of o ther  v a r i a b l e s .  For 
example, t h e  work may revea l  t h a t  i f  we know or  can p r o j e c t  growth i n  per 
c a p i t a  income from t h e  year  of a  count ry ' s  l a t e s t  input-output t a b l e  through 
t o  our base year of 1970 and our f i n a l  p r o j e c t i o n  year  of 1980, then we may 
use  our l i n e s  of regress ion  between ind iv idua l  c o e f f i c i e n t s  and these  changes 
i n  per c a p i t a  incomes t o  p r o j e c t  t h e  1970 and 1980 c o e f f i c i e n t s  of the  matr ix.  
But it i s  a l ready  c l e a r  t h a t  t h e  major i ty  of element c o e f f i c i e n t  changes w i l l  
have low c o e f f i c i e n t s  of c o r r e l a t i o n  aga ins t  changes i n  per c a p i t a  incomes, 
even though we have performed our c ross -sec t ion  regress ions  on groups of coun- 
t r i e s  of supposedly s i m i l a r  c h a r a c t e r i s t i c s .  So t h i s  method seems l i k e l y  t o  
furnish only a partial solution the problem of updating and projecting our 
input-output tables. Perhaps it will be best to assume that the coefficients 
alter in accordance with changes in projected per capita GDPs where the cross- 
section and/or time series regressions have a high coefficient of correlation, 
and to leave them constant where they do not. 
In any event, the "best practice" country, the USA, constitutes the 
most important single component of any world model and its coefficients cannot 
be projected by regression against per capita GDPs in other countries. For- 
tunately, a number of other element projections are available for the USA. 
Time-series and cross-section methods of updating coefficients assume 
that price relativities do not alter drastically from one period to another 
and that technology (input-combinations) in more advanced countries represents 
the shape of things to come in less advanced countries. While such assump- 
tions will not be precisely borne out, they may get us near enough to the 
truth for our purposes. 
The latest coefficients available may nevertheless prove as good an 
estimate of what the 1970 and 1980 coefficient matrices will look like as any 
alternative means of projection. Ultimately, we may use unaltered coefficients 
for our updating and projecting, varying only the relevant final demand 
vectors. 
11. THE INTERNATIONAL TRADE MATRIX 
International flows within the model are best determined by means of a 
trade matrix with all inter-locking individual country matrices expressed in 
constant 1970 US dollars. A number of such trade matrices already exist in 
connection with the first three world models listed in Appendix 8. No doubt 
we will be able to draw upon the experience which they provide. 
The kind of trade matrix which we have in mind is illustrated in Table 3. 
We have assumed that the world comprises three countries, A, B and C. In 
fact, of course, our matrix will include all large- and medium-sized nation 
states individually, together with aggregations of very small, geographically 
associated states. Each of the countries is first assumed to have ten sectors 
in its inter-industry flow matrix as per Table 2, but we represent the matrix 
by three sectors only in Table 3 for purposes of illustration. These three 
sector, inter-industry flow matrices for each of the states are strung out 
along the main diagonal. The off-diagonal matrices comprise the expanded 
export vectors in Table 2 distributed between countries of destination along 
the rows, and the expanded import vectors by country of origin down the 
columns. These last are derived from the import matrices for individual 
states so that we may know the sector origin of these imports within the 
exporting country. 
Table 3 represents two matrices X and D covering the entire world. X 
comprises all individual country inter-industry transactions together with 
associated international trade flows. D constitutes a series of exogenous 
final demand vectors. X and D may be split, in turn, into sub-matrices x.. 
11 
and d where ij' 
and 
n  = t h e  o rder  of each submatrix; i . e . ,  t h e  number of s e c t o r s  
assoc ia ted  with each country. 
The above element represen ts  t h e  supply by s e c t o r  i of country r t o  s e c t o r  j 
of country s .  S imi la r ly ,  = d-si  des igna tes  t h e  supply by country r Dnr+i-n. s  
s e c t o r  i i n t o  t h e  f i n a l  demand of .count ry  s .  Addi t iona l ly ,  we d e f i n e  t h e  
va lue  added i n  country s ,  s e c t o r  j  a s  
Then, f o r  a l l  s  and j ,  
v  + C  x  = I x  C 
s j  r i  r s i j  r i  s r j i  + r d s r j  , 
t h a t  i s  column t o t a l s  equal  row t o t a l s  wi th in  t h e  mat r ices .  Technical coef- 
f i c i e n t  mat r ices  and inverse  mat r ices  fol low.  
A simple numerical example w i l l  i l l u s t r a t e  t h e  working of t h e  model. 
Suppose, f o r  example, t h a t  country A i n  Table 3  has a  f i n a l  domestic demand 
( i . e . ,  exluding expor t s )  of 200, which s p i l l s  out  i n  t h e  form of 60 i n  imports 
d i r e c t  t o  f i n a l  demand, 40 i n  demand f o r  t h e  output  of i t s  own s e c t o r s  2  and 
3, and 100 i n  demand f o r  i t s  own s e c t o r  1. Of t h e  100, 40 goes t o  inputs  
from t h e  t h r e e  s e c t o r s  of i t s  own economy and 40 t o  imports from c o u n t r i e s  
B and C. The missing 20, t o  make up 100, would be i n  t h e  form of va lue  added 
i n  s e c t o r  1 of country A. Sector  1 i n  country B suppl ies  t h e  20 which i t  
expor t s  t o  s e c t o r  1 and t o  f i n a l  demand of country A (10 p lus  10) by imports 
of 2  from s e c t o r  1 i n  country A i t s e l f  and of 4  from s e c t o r  2  of country C ,  
while  i t  uses  6 of i t s  own i n p u t s  and presumably 8 i n  i t s  own va lue  added. 
Thus t h e  domestic f i n a l  demand i n  s e c t o r  1 of country A spreads throughout 
t h e  matr ix;  a l though f o r  s i m p l i c i t y ' s  sake,  we have f i l l e d  i n  only two of t h e  
9  columns i n  Table 3. It i s  from t h i s  process  t h a t  t h e  r e a l i z e d  1970 i n t e r -  
n a t i o n a l  t r a d e  flows w i l l  have been der ived .  The conversion of t h e s e  money 
flows i n t o  element c o e f f i c i e n t s  wi th in  t h e  t r a d e  mat r ix  w i l l  t h e o r e t i c a l l y  
al low us t o  compute an inverse  which w i l l  show t h e  impact on world t r a d e  of 
t h e  p ro jec ted  increases  i n  ind iv idua l  country f i n a l  demands f o r  1980 o r  1990. 
The o r i g i n  and d e s t i n a t i o n  of t h e  conunodities and s e r v i c e s  t raded a r e  given 
i n  fob va lues  wi th in  the  mat r ix .  This  w i l l  give us  a  1320 times 1320 matr ix,  
i f  we take  i n t o  account t h e  132 c o u n t r i e s  i n  t h e  FA0 Agricultural Comodity 
Projections 1970-1980, covering 99.6 percent  of t h e  world 's  populat ion.  Each 
of these  132 count r ies  w i l l  i n i t i a l l y  comprise the  10 s e c t o r s  given i n  Table 
2  r a t h e r  than t h r e e  count r ies  wi th  t h r e e  s e c t o r s  a s  given i n  Table 3. In- 
v e r t i n g  such a  matr ix i s  l i k e l y  t o  involve cons iderab le  computer time, but  
presumably i t  i s  poss ib le  a s  a  mat r ix  of s i m i l a r  s i z e  appears  t o  have been 
i n v e r t e d  f o r  t h e  Harvard US r e g i o n a l  input-output  model. However, when we 
expand t o  t h e  21 t imes 21 i n d i v i d u a l  coun t ry  model d i scussed  i n  t h e  nex t  
s e c t i o n ,  and o u t l i n e d  i n  Tab le  4 ,  computer c a p a c i t y  may become a  problem a s  
t h e  t ime  r e q u i r e d  t o  do t h e  c a l c u l a t i o n s  expands by t h e  cube of t h e  number of 
e lements  added. I n  t h e s e  c i r cums tances ,  t h e r e f o r e ,  we may have t o  d e v i s e  some 
shor  t -cut  technique.  
We r e p r e s e n t  t h e  i n t e r n a t i o n a l  t r a d e  m a t r i x  i n  f o b  r a t h e r  t h a n  c i f  p r i c e s .  
Thus, we w i l l  have t o  a d j u s t  t h e  c i f  import f i g u r e s  r e p r e s e n t e d  i n  c o n s t a n t  
1970 US d o l l a r s  i n  our  o r i g i n a l  i n d i v i d u a l  coun t ry  input-output  m a t r i c e s  t o  
equa l  t h e  recorded aggregated f o b  p r i c e s  i n  d o l l a r s  drawn from t h e  OECD o r i g i n  
and d e s t i n a t i o n  s t a t i s t i c s  f o r  1970. The d i f f e r e n c e  between t h e  f o b  and t h e  
c i f  a g g r e g a t e s  w i l l  have t o  be  d iv ided  among t h e  v a r i o u s  s e r v i c e  s e c t o r s  (10 
o r  21) of Tab le  2  o r  Tab le  4.  Where s e a s  must be  c r o s s e d ,  t h i s  might b e  done 
i n  accordance w i t h  t h e  p r o p o r t i o n  of t h e  wor ld ' s  sh ipp ing  tonnage he ld  by 
d i f f e r e n t  c o u n t r i e s  i n  t h e  model. Where t r a d e  i s  ove r l and ,  we might assume 
t h a t  t h e  c i f / f o b  mark-up goes i n t o  t h e  s e r v i c e  s e c t o r  of t h e  e x p o r t i n g  coun t ry .  
Both methods invo lve  a  number of premises  which can never  be e n t i r e l y  v e r i f i e d  
i n c l u d i n g  t h a t  of i d e n t i t y  of o r i g i n  f o r  t r a n s p o r t  and insu rance  s e r v i c e s  
w i t h i n  t h e  c a r r y i n g  coun t ry .  But more s i g n i f i c a n t  s t i l l ,  we w i l l  i n i t i a l l y  
assume t h a t  t r a d e  p a t t e r n s  do not  a l t e r  ove r  t ime and t h a t  world p r i c e s  w i l l  
no t  change between 1970 and 1980, o r  1990, i f  t h e  l a t e s t  commodity p r o j e c t i o n s  
become a v a i l a b l e .  C l e a r l y ,  o i l  has a l r e a d y  u p s e t  t h e s e  e x p e c t a t i o n s ,  and o t h e r  
d i s r u p t i o n s  a r e  c e r t a i n  t o  fo l low.  But q u i x o t i c  assumptions  and approxima- 
t i o n s  w i l l  s u r v i v e  w i t h i n  t h e  model no m a t t e r  what we do ,  and i t  can no t  be  
o the rwise .  We can  on ly  hope t h a t  t h e  r e l a t i v e  magnitudes which we u s e  w i l l ,  
when p resen ted  i n  modeling form, y i e l d  a  c l e a r e r  p i c t u r e  of what i s  l i k e l y  t o  
happen, and what might be done i n  a n t i c i p a t i o n  of such even t s .  
The system may, however, b e  s e n s i t i v i t y - t e s t e d  f o r  changes i n  assumptions  
and t h e  decision-maker can  develop any s c e n a r i o  which he may wish t o  examine. 
I n  a d d i t i o n ,  we may t r y  t o  p r o j e c t  t r a d e  p a t t e r n  changes by e x t r a p o l a t i n g  
t h e  OECD t r a d e  s t a t i s t i c s '  t ime s e r i e s .  Moreover, t h e  compi le r s  of t h e  FA0 
Commodity Projections a r e  t r y i n g  t o  i n c o r p o r a t e  p r i c e  p r o j e c t i o n s  i n  t h e i r  
p r e d i c t i o n s  and bo th  t h e  LINK and t h e  Maryland models mentioned i n  Appendix B  
a d j u s t  p r i c e s  t o  changes i n  i n t e r n a t i o n a l  supply and demand. Thus we might 
be  a b l e  t o  i n c o r p o r a t e  p r i c e  d e t e r m i n a t i o n  i n  l a t e r  v e r s i o n s  of our  t r a d e  
model. 
Another problem i s  t h a t  t h e  OECD o r i g i n  and d e s t i n a t i o n  t r a d e  s t a t i s t i c s  
which we propose t o  u s e  cover  on ly  t r a d e  from, t o ,  and between OECD s t a t e s ,  
and a l though  t h i s  must be  by f a r  t h e  g r e a t e r  p r o p o r t i o n  of a l l  i n t e r n a t i o n a l  
f lows ,  it i s  by no means a l l .  We w i l l  t h e r e f o r e  probably have t o  d e v i s e  a  
g r a v i t y  model on t h e  b a s i s  of t h e s e  known OECD t r a d e  f lows  by means of which 
we may d i s t r i b u t e  t h e  o r i g i n  and d e s t i n a t i o n  of t h e  t r a d e  v a l u e s  between non- 
OECD s t a t e s .  Presumably t h e  d i f f e r e n c e  between t h e  sector-by-sector  e x p o r t s  
and imports  of t h e s e  c o u n t r i e s  a s  recorded i n  t h e  UN Yearbook of InternationaZ 
Trade S t a t i s t i c s  and/or  t h e  FA0 InternationaZ Trade Yearbook and t h o s e  g iven  
i n  t h e  OECD Trade by Commodities w i l l  g i v e  t h e  sector-by-sector  v a l u e  of t h e  
t r a d e  among t h e s e  non-OECD s t a t e s .  It i s  t h i s  which may be d i s t r i b u t e d  i n  
accordance w i t h  some g r a v i t y  model. The OECD s t a t i s t i c s  a r e  f i l e d  on magnet ic  
t a p e  and we should be a b l e  t o  r ead  them i n t o  our  model by machine. 
111. THE EXPANDED MODEL 
We propose f i r s t  t o  cons t ruc t  t h e  10 times 10 ind iv idua l  country and 
a s s o c i a t e d  i n t e r n a t i o n a l  t r a d e  mat r ix  a s  described above. But t h i s  con ta ins  
s i n g l e  a g r i c u l t u r a l  and chemical s e c t o r s  only, and does not provide us  wi th  
s u f f i c i e n t  d e t a i l  t o  c o n s t r u c t  a  world a g r i c u l t u r a l  model. It i s  t h e r e f o r e  
our i n t e n t i o n  t o  f u r t h e r  subdivide both of  t h e s e  s e c t o r s  once we have shown 
on t h e  10 t imes 10 mat r ix  t h a t  such a  model works. We a l s o  expect t o  d i v i d e  
c l o t h i n g  and t e x t i l e s  f o r  t h e  reasons ou t l ined  i n  s e c t i o n  I V  below. 
I f  we compare t h e  proposed aggregat ion given i n  Table 4  with our e x i s t i n g  
10 times 10 aggregat ion a s  represented by Zambia i n  Table 2, we see  t h a t  our 
o r i g i n a l  a g r i c u l t u r a l  row 1 w i l l  be expanded t o  comprise rows 1 through 7  i n  
Table 4. The chemical s e c t o r ,  row 5 ,  w i l l  l ikewise  be disaggregated t o  com- 
p r i s e  rows 8  through 12. Then too,  we propose t o  add land and labor  inputs  
toge ther  wi th  wages i n  rows o u t s i d e  t h e  mat r ix  a s  per rows 25 through 35 i n  
Table 4. We must t h e r e f o r e  o u t l i n e  how we intend t o  d e r i v e  t h e s e  disaggre-  
gated rows s i n c e  most of them do not  e x i s t  i n  any of t h e  o r i g i n a l  input-output 
t a b l e s ,  a l though some of them do. We must a l s o  d i s c u s s  t h e  a d d i t i o n a l  column 
v e c t o r s  f o r  f i n a l  demand which a r e  included i n  Table 4. 
We w i l l  d e r i v e  rows 1 t o  5  and 7  l a r g e l y  on t h e  b a s i s  of t h e  FA0 Com- 
modity Projections. But these  d a t a  do not inc lude  any information on row 6 
of Table 4, f o r e s t  products .  Then too,  they w i l l  provide u s  wi th  only demand 
and domestic supply row t o t a l s  f o r  p r o j e c t i o n s  t o  1980 wi th  r e s p e c t  t o  non- 
food crops and l i v e s t o c k  (rows 1, 3  and 5) and even wi th  them t h e  coverage 
may not  be complete. We must t h e r e f o r e  o b t a i n  base year  domestic supply row 
t o t a l s  f o r  rows 2, 4  and 6,  7 from t h e  FAO's Production Yearbook and assume 
t h a t  t h e s e  t o t a l s  w i l l  provide t h e  same propor t ion  of p ro jec ted  demand i n  
1980 a s  they d i d  i n  1970. The r e s t  w i l l  be e i t h e r  imported o r  exported i n  
accordance wi th  t h e  FA0 Comodity Projections f o r  1980 with export ing 
c o u n t r i e s  a d j u s t i n g  t h e i r  suppl ies  t o  f i l l  t h e  gap. With rows 1, 3  and 5, 
however, t h e  t r a d e  p o s i t i o n  can be obtained d i r e c t l y  from t h e  FA0 Projections; 
never the less ,  we a n t i c i p a t e  a l l  kinds of d i f f i c u l t i e s  i n  dea l ing  wi th  t h e  
s t a t i s t i c s  involved here.  It may be t h a t  we w i l l  have t o  r e d e f i n e  rows 1 
t o  7  i n  Table 4  i n  o rder  t o  meet the  exigencies  imposed by t h e  form i n  which 
the  d a t a  a r e  made a v a i l a b l e .  We may a l s o  a d j u s t  supply and demand through 
assumed s tock  build-ups o r  d e p l e t i o n s  o r  through some a l l e g e d l y  pr ice-  
determining model. I n i t i a l l y ,  however, we w i l l  fol low t h e  FA0 Comodity 
Projections i n  holding p r i c e s  cons tan t .  
The same s o r t  of e x e r c i s e  w i l l  be c a r r i e d  through wi th  respec t  t o  rows 
8  t o  10 of Table 4. Recorded and pro jec ted  n i t rogen ,  phosphate and potash 
row t o t a l s  can be obtained from t h e  product ion and planned capac i ty  f i g u r e s  
contained i n  t h e  FA0 Fertil izer Reviews, and the  TVA-USAID da ta .  F e r t i l i z e r  
t o t a l s  a r e  expressed i n  met r ic  tons  i n  these  sources and they w i l l  have t o  
be m u l t i p l i e d  by t h e  p r i c e s  recorded i n  the  FA0 Production Yearbooks. 
Clear ly ,  a  1974 o r  1975 p r i c e  d e f l a t e d  by t h e  o v e r a l l  US c o s t  of l i v i n g  index 
t o  t h e  base year  w i l l  be more appropr ia te  than t h e  a c t u a l  base year  p r i c e ,  
a s  n i t r o g e n  appears  t o  be t h e  most f u e l - i n t e n s i v e  of a l l  major manufacturing 
a c t i v i t i e s  and phosphate rock supply p r i c e s  have been e f f e c t i v e l y  c a r t e l -  
determined s i n c e  1973. A f u r t h e r  complicat ion a r i s e s  from the  f a c t  t h a t  
recorded f e r t i l i z e r  p r i c e s  i n  t h e  FA0 Production Yearbooks do not always 
represen t  t r u e  c o s t s  and subs id ies  a r e  widespread. But t h i s  w i l l  be t r u e  
of any of t h e  va lues  wi th in  our input-output t a b l e s  where a  government in-  
t e rvenes  i n  t h e  market. 
The demand t o t a l s  f o r  rows 1 t o  5 and 7  of our expanded matr ix i n  Table 4  
w i l l  be taken from Table D of t h e  FA0 Commodity Projections 1970-1980 or  t h e  
equ iva len t  t a b l e  i n  t h e  rev i sed  p r o j e c t i o n s  t o  1990 when they a r e  published. 
These row t o t a l s ,  which a r e  given f o r  t h e  s e p a r a t e  types  of ou tpu t ,  must be 
aggregated i n t o  our seven s e c t o r  format. They a r e  i n  thousands of m e t r i c  
tons  and w i l l  t h e r e f o r e  a l s o  have t o  be m u l t i p l i e d  by t h e  appropr ia te  p r i c e  
per t o n  recorded i n  t h e  FAO's Production Yearbook for 1970,  o r  whatever l a t e r  
base d a t e  may be appropr ia te  f o r  any rev ised  p r o j e c t i o n s  through t o  1990. 
This  w i l l  g i v e  u s  a  constant  d o l l a r  demand t o t a l  f o r  rows 1 t o  5 and 7  from, 
say, 1970 t o  1980. 
P e s t i c i d e s  and fungic ides ,  row 11, can be obtained i n  row t o t a l s ,  i n  
q u i n t a l s ,  from t h e  FA0 Production Yearbook for 1970,  o r  whatever base year  
we eventua l ly  choose, and extended through t o  1980 or  1990 a t  cons tan t  US 
d o l l a r  p r i c e s  on t h e  b a s i s  of such t e c h n i c a l  c o e f f i c i e n t s  a s  may be pro jec ted  
f o r  t h e i r  use.  Unfortunately,  we have n o t  y e t  i d e n t i f i e d  a  source of p r i c e  
information i n  t h i s  r e s p e c t  and t h i s  problem remains t o  be overcome. Row 12, 
o t h e r  chemicals,  should be t h e  r e s i d u a l  of row 5 i n  t h e  Table 2-type 1970 
mat r ix  (updated from 1969 i n  t h e  case  of Zambia) minus rows 8  t o  11 i n  t h e  
Table 4  mat r ix  f o r  each and every country covered i n  t h e  model. The remain- 
ing rows w i l l  be a s  f o r  Table 2  i n  t h e  base year ,  except t h a t  t h e  t e x t i l e  row 
t o t a l s  w i l l  be d iv ided  between c l o t h i n g  and o ther  t e x t i l e s  on t h e  b a s i s  of 
t h e  d a t a  contained i n  t h e  UN Yearbook of National Accounts. The method of 
p r o j e c t i n g  t h e s e  rows t o  1980 or  1990 was described i n  s e c t i o n  I. But d i -  
v i d i n g  up row t o t a l s  a long t h e  l i n e s  o u t l i n e d  w i l l  not  so lve  t h e  a t t e n d a n t  
problem of a l l o c a t i n g  t h e s e  t o t a l s  between t h e  elements along t h e  rows n o t  
included i n  Table 2  and it i s  t o  t h i s  ques t ion  t h a t  we now t u r n .  
Grains,  o t h e r  a r a b l e ,  non-food and permanent crops,  l ives tock ,  f o r e s t  
products  and f i s h  (rows 1 t o  7  i n  Table 4) w i l l  be p a r t i c u l a r l y  d i f f i c u l t  t o  
a l l o c a t e  between matr ix elements. Some d a t a  e x i s t  on i n t e r - i n d u s t r y  flows 
f o r  these  d i f f e r e n t  a g r i c u l t u r a l  goods i n  t h e  FA0 Commodity Projections, i n  
t h e  FA0 Production Yearbooks and i n  some of t h e  o r i g i n a l  input-output t a b l e s ,  
but they  a r e  no t  a s  d e t a i l e d  a s  we would wish. There a r e ,  however, a  sub- 
s t a n t i a l  number of "food balance sheets ' '  f o r  severa l  c o u n t r i e s ,  and t h e s e  
may, perhaps, be obtained from t h e  Commodity Divis ion of t h e  FAO, or  from 
t h e  i n d i v i d u a l  c o u n t r i e s  concerned. These d a t a  may show t h e  d e s t i n a t i o n  of 
food products  i n  terms of processing,  f i n a l  demand o r  whatever. Where they 
e x i s t  they may be considered a s  r e p r e s e n t a t i v e  of p ropor t iona l  row d i s t r i -  
bu t ions  of output  i n  a l l  c o u n t r i e s  of a  s i m i l a r  type.  Then too,  we under- 
s tand t h a t  D r .  Shaw of t h e  Economics and Marketing Div is ion  of t h e  Tropica l  
Products  I n s t i t u t e  i n  London i s  exc lus ive ly  concerned wi th  t h e  post-harvest  
t reatment  of commodities; he i s  seeking t h e  breakdown of d e s t i n a t i o n  of out-  
p u t s  i n  a  manner which may he lp  u s  t o  d e r i v e  rows 1 t o  7  of Table 4. 
Regardless  of t h e  source,  we would expect our a g r i c u l t u r a l  row t o t a l s  
t o  d i s p l a y  a  systematic  tendency t o  move between t h e  d i f f e r e n t  elements 
making up t h e i r  r e s p e c t i v e  rows a s  per c a p i t a  incomes increase ;  a s  bread i s  
baked o u t s i d e  t h e  household and t h e  l i k e .  We w i l l  have t o  t r y  t o  dec ide  
what t h e s e  movements might be i n  o rder  t o  represen t  row c o e f f i c i e n t s  i n  1970 
and t o  p r o j e c t  them t o  1980 o r  1990. Whatever t h e  r e s u l t ,  ind iv idua l  row 
elements i n  t h e  base year ,  1970, f o r  rows 1 t o  7  i n  Table 4  should be recon- 
c i l e d  wi th  t h e  a c t u a l  recorded and/or updated elements f o r  t h e  s i n g l e  a g r i -  
c u l t u r e  row (row 1 i n  Table 2) where we a c t u a l l y  have input-output t a b l e s ;  
a p p r o p r i a t e  adjustments  may have t o  be made t o  i n d i v i d u a l  commodity row 
elements. I n  o t h e r  words, element 111 i n  Table 2  w i l l  become a  7  times 7  
sub-matrix i n  Table 4  and these  mat r ices  may have t o  be ad jus ted  i n  t h e  l i g h t  
of Table 2 ' s  element t o t a l s .  The same a p p l i e s  t o  t h e  r e l a t i o n s h i p  between 
row 5  i n  Table 2  and rows 8  t o  12 i n  Table 4, a s  discussed below. 
F e r t i l i z e r s ,  p e s t i c i d e s  and fungic ides  and o t h e r  chemicals (rows 8  t o  
12 i n  Table 4) w i l l  have t h e i r  row t o t a l s  determined from a  v a r i e t y  of sources.  
The FAO's Annual Fert i l izer  Reviews, plus'  information ob ta inab le  under t h e  
TVA-USAID c o n t r a c t ,  together  with t h e  p r i c e s  given i n  t h e  FA0 Production 
Yearbooks w i l l  f u r n i s h  t h e  t o t a l s  f o r  rows 8  t o  11 i n  Table 4. Other chemi- 
c a l s  w i l l  comprise t h e  t o t a l s  f o r  row 5  i n  Table 2  minus rows 8  t o  11 i n  
Table 4. 
It w i l l  no t  be c l e a r  from t h e s e  sources how f e r t i l i z e r  inputs  a r e  d i s -  
t r i b u t e d  between columns 1 t o  6 a s  wel l ,  a s  i n t o  f i n a l  demand f o r  gardens 
and golf  courses ,  and t h e  same a p p l i e s  t o  p e s t i c i d e s  and fungic ides .  Tech- 
n i c a l  adv ice  w i l l  t h e r e f o r e  have t o  be sought on t h e  s u b j e c t .  D r .  J.A. Clark 
and M r .  Gordon MacKerron of t h e  Science Pol icy  Research Unit a t  t h e  Univer- 
s i t y  of Sussex, D r .  David Norse a t  t h e  UK Department of t h e  Environment, and 
Professor  George Allen a t  t h e  Univers i ty  of Aberdeen a r e  a l l  working on these  
o r  s i m i l a r  problems. Grains a r e  c l e a r l y  t h e  major consumers of f e r t i l i z e r s  
i n  most c o u n t r i e s .  We understand t h a t  t h e  Mesarovic-Pestel model c i t e d  i n  
Appendix B simply assumes t h a t  g r a i n s  t a k e  75 percent  of each and every 
count ry ' s  f e r t i l i z e r  consumption; throughout L a t i n  America i t  i s  not  near ly  
so much and t h e  p a t t e r n  v a r i e s  widely from country t o  country. Most f e r t i l -  
i z e r  consumption i n  S r i  Lanka, f o r  example, i s  f o r  t h e  purpose of growing t e a .  
Other in te r - indus t ry  flows (rows 12 t o  21) w i l l  be taken d i r e c t l y  from 
t h e  ind iv idua l  country 10 times 10 t a b l e s  a s  per Table 2. They correspond 
t o  a l l  but  rows 1 and 5  t h e r e i n ,  except t h a t  t e x t i l e s  w i l l  be s p l i t  i n t o  
c l o t h i n g  and o t h e r  t e x t i l e s .  This  l a s t  s p l i t  i n  row t o t a l  form can genera l ly  
be obtained from t h e  UN Yearbook of National Accounts S ta t i s t i c s  f o r  t h e  base 
y e a r ,  but  d i v i d i n g  t h e  elements i n  columns 1 and 5  i n  Table 2  between columns 
1 t o  12 i n  rows 13 t o  21 w i l l  be more d i f f i c u l t .  I n i t i a l l y  t h e  o r i g i n a l  e le-  
ment t o t a l s  i n  columns 1 and 5  of Table 2  w i l l  probably have t o  be divided i n  
p ropor t ion  t o  t h e  new t o t a l s  f o r  rows 1 t o  12 i n  Table 4. 
Value added (row 23), a s  has been shown, can be derived f o r  t h e  base 
year ,  1970, from t h e  UN Yearbooks of National Accounts S ta t i s t i c s  al though 
t h e  elements along t h e  rows i n  Table 4  do not correspond e x a c t l y  with t h e  
v a l u e  added i n  each country recorded i n  these  Accounts, and approximate d i s -  
t r i b u t i o n s  w i l l  have t o  be a r r i v e d  a t .  Then too,  v a l u e  added r a i s e s  a  f u r -  
t h e r  problem. I t  i s  u n l i k e l y  t h a t  1970 GDPs processed through updated in- 
v e r s e s  w i l l  y i e l d  t h e  va lue  added i n  each s e c t o r  recorded i n  t h e  UN Yearbook 
o f  National Accounts S ta t i s t i c s ,  and t h e  problem of r e c o n c i l i n g  t h e  two out-  
l ined  i n  Sec t ion  I w i l l  have t o  be e i t h e r  ignored o r  faced.  It may not  be 
necessary t o  r e s o l v e  them i f  t h e  1970 GDP s p i l l s  ou t  i n t o  va lue  added i n  
s e c t o r  p ropor t ions  c l o s e  t o  those revealed by t h e  Yearbook. 
Land under g r a i n s ,  o t h e r  a r a b l e ,  non-food and permanent crops,  f o r e s t  
and i r r i g a t i o n ,  (rows 25 t o  31 i n  Table 4) w i l l  be derived from a  v a r i e t y  
of sources.  The FA0 Commodity Projections (1970 t o  1980) can supply u s  wi th  
t h e  d a t a  f o r  columns 1, 3 and 5. This  source a l s o  a n t i c i p a t e s  t h e  y i e l d s  
per h e c t a r e  i n  1980 f o r  each of t h e s e  s e c t o r s .  I t  i s  with  respec t  t o  such 
pro jec ted  y i e l d s  t h a t  we w i l l  t ake  exper t  advice on t h e  product-by-product 
p a t t e r n  of input  change ou t l ined  above. Land under crops i n  columns 2 ,  4  
and 6 w i l l  have t o  be derived from t h e  FA0 Production Yearbook f o r  t h e  1970 
base year .  Land a r e a  used f o r  these  purposes i s  not  predicted i n  t h e  FA0 
Gomodity Projections, but presumably i t  can be obtained by taking est imated 
output  i n  1980 and d iv id ing  it by some es t imate  of y i e l d s  on a  crop by crop 
b a s i s .  Other p r o j e c t i o n s  may be obtained from E.O. Heady, World Food Pro- 
duction and Demand to  1985 and t o  2000,(Iowa S t a t e  Univers i ty  Press )  and t h e  
FA0 Indicative World Food Plan. Estimates  of t h e  abso lu te  l i m i t s  of a r e a  
(rows 32 and 33) and poss ib le  production per hec ta re  i n  d i f f e r e n t  p a r t s  of 
t h e  world a r e  contained i n  P. Buringh, H . D . J .  Van Heemst and G . J .  S t a r i n g  
Computations of Absolute Maximwn Food Production i n  the World (Wageningen, 
A g r i c u l t u r a l  Univers i ty ,  1975); t h i s  s tudy was i n i t i a t e d  by t h e  Club of Rome. 
I r r i g a t e d  lands (row 31) do r a i s e  some d i f f i c u l t i e s  f o r  u s ,  s ince  t h e  
FA0 Production Yearbooks do not  a l l o c a t e  the  t o t a l  a r e a  under i r r i g a t i o n  
between crops i n  a  country. Moreover, t h e s e  a r e a s  a r e  p a r t  of t h e  t o t a l s  
involved i n  in te r - indus t ry  flows mentioned above and comprise a r e a s  commanded 
by e x i s t i n g  i n f r a s t r u c t u r e  r a t h e r  than land a c t u a l l y  under i r r i g a t i o n .  We 
may simply have t o  r e l a t e  t o t a l  i r r i g a t e d  a r e a s ,  which we do know from the  
FA0 Production Yearbook, t o  t o t a l  1970 and pro jec ted  1980 o r  1990 agr icu l -  
t u r a l  output  on t h e  b a s i s  of some cons tan t  r a t i o  of ou tpu t  t o  i r r i g a t e d  a r e a ,  
up t o  t h e  l i m i t s  given i n  Buringh e t  a l .  This  i s  u n s a t i s f a c t o r y ,  and we hope 
t o  improve on t h i s  method a s  t h e  research  proceeds. S e n s i t i v i t y  t e s t i n g  
here,  a s  elsewhere, may provide some s o l u t i o n s  t o  our problems. 
Employment and wages a r e  given i n  rows 34 and 35. A g r i c u l t u r a l  employ- 
ment can be obtained from the  d a t a  i n  t h e  FA0 Production Yearbook. This  
t o t a l  w i l l  be subdivided on t e c h n i c a l  adv ice  r e l a t i n g  t o  va lue  added between 
t h e  ind iv idua l  columns 1 t o  7. A l t e r n a t i v e l y ,  i t  may be poss ib le  t o  t a k e  
average labor  p roduc t iv i ty  from d a t a  a g a i n s t  va lue  added per  a g r i c u l t u r a l  
s e c t o r .  Both value added d a t a  per crop and o v e r a l l  a g r i c u l t u r a l  wages can 
be obtained from t h e  FA0 Production Yearbook, and information on produc t iv i ty  
per  worker i s  a v a i l a b l e  from t h e  ILO Yearbook of Labour S ta t i s t i c s .  Often 
r e a l  wages on p l a n t a t i o n s ,  i . e .  some proport ion of permanent crops under 2 
above, a r e  t h r e e  o r  four  times a s  high a s  earnings i n  subs i s tence  g r a i n  
product ion and t h i s  complicates  t h e  i s sue .  Nevertheless ,  we w i l l  t r y  t o  
in t roduce  t h i s  wage element i n t o  t h e  t a b l e  not  only i n  o rder  t o  he lp  u s  ob- 
t a i n  r a t i o s  of employment t o  value added, but a l s o  because we may want t o  
know how d i f f e r e n t  f i n a l  demand scenar ios  w i l l  a f f e c t  income d i s t r i b u t i o n  
when they a r e  processed through t h e  inverse  mat r ices .  But more of t h i s  i n  
Sec t ion  I V .  
Other employment and wage f i g u r e s  f o r  the  remaining s e c t o r s  of t h e  mat r ix  
w i l l  be der ived  from t h e  ILO Sta t i s t i ca l  Yearbook, OECD employment d a t a ,  t h e  
Commission of t h e  EEC, the United Nations S t a t i s t i c a l  Off ice ,  t h e  Economic 
and S o c i a l  Commission f o r  Asia and t h e  P a c i f i c  (ESCAP), i n  p a r t i c u l a r  t h e  
Sectoral Output and EmpZoyrnent Projections for the Second Development Decade, 
Development Programme S e r i e s  No. 8 ,  Bangkok 1970. I t  may a l s o  be t h a t  1970 
r a t i o s  of s e c t o r  output  t o  s e c t o r  employment can be pro jec ted  t o ,  say,  1980 
on t h e  b a s i s  of work c u r r e n t l y  going on a t  the ILO under t h e  World Employment 
Programme. As has been s a i d ,  we a r e  a l ready  helping wi th  t h i s  Programme, 
and, i f  they a r e  a b l e  t o  provide u s  with such d a t a ,  then many of t h e  problems 
connected with employment es t imates  w i l l  be solved. 
Final demand (column vectors 23 to 29) must be added to the data which 
we would normally have with our existing 10 times 10 inter-industry flow 
matrices. Domestic final demand (columns 23 and 25) will be arrived at in 
the manner already discussed. Exports (column 24) will become a function of 
the operation of the trade matrix. Any projected additional irrigation and 
land clearing or improvement costs, both capital and current, will have to 
be added to final demand as column vectors (27 to 29). In other words, there 
will have been some irrigation development and current outlays contained in 
the original matrix for our base year of 1970, but if the pace of irrigation 
development is quickened in 1980, perhaps under higher cost conditions, then 
we will have to incorporate an increment to annual capital expenditure and 
current outlays for irrigation in column 27 of our 1980 matrix. Base year 
agricultural investment data can be obtained from the UN Yearbook of National 
Accounts S t a t i s t i c s .  Different incremental land development costs by region 
are given in Buringh et al, and these may also help us here. Then too, 
Dr. David Norse of the UK Department of the Environment is attempting to 
calculate what such costs might be, and perhaps we will be able to draw on 
his advice in this respect. He is working on the basis of feasibility study 
estimates obtained from the library of the UK Ministry of Overseas Develop- 
ment. But columns 27, 28 and 29 do involve difficult and esoteric calcula- 
tions and may have to be dropped from the initial model as separate items. 
IV. USES OF THE MODEL 
The question naturally arises as to why one should go to all the trouble 
of building a world agricultural model in the detail described in the fore- 
going three sections. Any answer must really lie in identifying some virtue 
in using standard format individual country input-output matrices with the 
associated trade matrix. After all, less detailed models with respect to 
economic structure are already under construction and they should help to 
answer many of the questions which individual country planners and interna- 
tional aid officials or investors may want to ask. 
The distinguishing characteristic of input-output analysis is that it 
shows how changes in production in one sector are linked to changes in pro- 
duction in another; we may give examples of the uses to which this can be 
put. We may, for instance, predict that country A's grain production must 
increase by Y dollars at constant prices if it is to play a part in feeding 
an expanding and possibly individually-richer world population on a given 
land area. This should then allow us to determine from our input-output 
matrix for country A the necessary expansion in fertilizer consumption. 
Initially this may involve country A in more imports of nitrogen, potash, 
phosphates, oil, etc., and country B in expanded output to supply these 
imports; the trade matrix will indicate the amounts involved. The inter- 
industry flow matrix for 1980 or 1990 for country A may then reveal that such 
a volume of input of nitrogen or whatever into agriculture will allow for the 
establishment of a domestic manufacturing plant with the appropriate econo- 
mies of scale. Whereupon the input-output table will show how the import 
pattern shifts from, say, nitrogen to fuel with the corresponding balance of 
payments effect. It will also show how utilization of plant in existing 
nitrogen exporting countries will be altered and what adjustments may be 
needed therein. 
It would be possible, assuming that we can designate a minimum and/or 
an optimum nitrogen plant capacity, to print out those countries which may 
begin now to plan for domestic nitrogen production designed to come on stream 
in 1980, over and above that already identified in the ~ ~ 0 ' s  AnnuaZ FertiZ- 
izer Reviews. Similar changes in economic structure may be identified 
throughout individual economies as a consequence of anticipated increases in 
grain production. Such changes may involve both direct inputs such as nitro- 
gen, and indirect inputs into nitrogen itself in the form of fuels. The inter- 
national trade ramifications may also become clear. An international aid 
agency or bank, for example, may thus be alerted to the countries in which 
the establishment of nitrogen manufacturing capacity may be worthwhile from a 
market point of view, or where planned investment in further nitrogen capac- 
ity might be reconsidered in the light of falling possibilities for exports 
to those countries which may now anticipate their own production. It then 
becomes reasonable to take up these issues with each country's planning au- 
thorities to see if they can identify any marked inaccuracies in the crude 
calculations of our global model. A variety of such checks may be carried 
out in connection with whatever periodic economic survey reports the inter- 
national agency in question may carry out on country A. If country A's 
officials agree with the model's diagnosis that the required domestic nitrogen 
consumption threshold will be reached by 1980, then the international lending 
agency may suggest to an appropriate organization, such as the United Nations 
Development Programme (UNDP) or the UK, ODM, that a feasibility study be 
undertaken on nitrogen production facilities. At this stage, any important 
inaccuracies in the crude world model from a market point of view will be 
revealed if they exist, or the plant may be ruled out on the basis of cost 
projections which make it uneconomic. But the point is that the initial 
world model acts as a project identification technique of a more or less 
systematic kind and it may do this for a wide variety of enterprises on the 
basis of different scenarios regarding country growth rates, trade-offs with 
respect to extensive and intensive land development, and so on. It may be, 
of course, that the ensuing detailed individual project appraisals will show 
that individual components of the world model are not working particularly 
well. If this is the case, then they will have to be revised. The kind of 
issues which a systematic examination of these project appraisals would 
throw up could lead to alternative parameters in the model so that the exam- 
ination operates as a satisfactory identifier of projects. 
If we assume that the model can be made to work in a satisfactory way, 
then we can develop a wide variety of scenarios. For example if wage and 
employment data are incorporated in the model along the lines suggested, then 
the employment-income-distribution consequences of various types of global 
aid and loan strategies may be worked out. In this respect, the International 
Wool Secretariat (IWS) has been asked by the Conference Division of the ILO 
to make proposals for conducting research on "the scope of employment oppor- 
tunities in the clothing industry with particular emphasis on developing 
countries", to be financed by the UNDP. We at Bradford have, in turn, been 
asked by IWS to help with this study. If finance can be found for construc- 
ting the world agricultural model proposed here, then the input-output impact 
of transferring more of the world's clothing industry to poor countries could 
be worked out in terms of the sector breakdown of this model. Clothing manu- 
facture is a particularly labor-intensive activity and the income-effect of 
its expansion will substantially influence the demand for food as well as for 
cotton and wool. The projections required under this ILO-IWS contract could 
be developed wi th in  our input-output framework and t h e  consequent impact of 
t h e  enhanced purchasing power f o r  a g r i c u l t u r a l  ~ r o d u c t i o n  worked through t h e  
model. This  kind of a n a l y s i s  may be p a r t i c u l a r l y  u s e f u l  s i n c e  it i s  o f t e n  
agreed t h a t  t h e  a b i l i t y  t o  grow food i s  not  a  major c o n s t r a i n t ;  r a t h e r  it i s  
t h e  i n a b i l i t y  of the underemployed t o  buy food t h a t  c o n s t i t u t e s  t h e  r e a l  
problem. 
The l i s t  of o ther  uses  f o r  our system of in te r - lock ing  mat r ices  i s  
p o t e n t i a l l y  very  l a r g e .  The model should revea l  t h e  o u t l i n e s  of t h e  o v e r a l l  
changes which must t ake  p lace  i n  the  economic s t r u c t u r e  of ind iv idua l  econo- 
mies and of world t rade ,  i f  a l l  a r e  t o  be fed and c lo thed  f i v e ,  t e n  o r  f i f t e e n  
years  hence. These s t r u c t u r a l  changes may vary according t o  t h e  s t r a t e g i e s  
developed upon the  model; i . e . ,  increased poor-country i n d u s t r i a l  export ing 
i n  exchange f o r  increased food imports from t h e  developed count r ies ,  increased 
i n d u s t r i a l  and food t r a d e  among t h e  poor c o u n t r i e s  themselves, increased 
a g r i c u l t u r a l  se l f - suf f ic iency  on the  p a r t  of t h e  ind iv idua l  c o u n t r i e s  w i t h i n  
t h e  model, and so  on. The expec ta t ion  i s  t h a t ,  d e s p i t e  t h e  i n e v i t a b l e  in- 
accurac ies  of t h e  e x i s t i n g  d a t a  and d e s p i t e  any f a i l u r e  of p r o j e c t i o n  t o  
accord exac t ly  with r e a l i z a t i o n ,  t h e  model w i l l  provide a  b e t t e r  b a s i s  f o r  
planning world food product ion than would otherwise be a v a i l a b l e .  Imperfect 
it w i l l  c e t a i n l y  be, but w i l l  i t  be more so than any a l t e r n a t i v e  cons t ruc t ion?  
2 g 
X 4 
.rl " 
TCI 
c 
a , .  
a 4 
4 k  
0 + 0 0 4 m o e + w m m a  
~ o o ~ m o o + t ' - m m m a  * Z * $ % g Q & g z  * 
m O + O O O + O O m O @ l F - m  m  O O O O O O O O O O d O 3  * 0 * m o o o m 0 3  * 
9999999999999 9999?99 
o o o o o o o o o o o o o  * 8 * o o o o o o o  * 
a m v . ~ n w m m o t - a p m m  a o e m m e m m  
a m m + m + o m m m d m m  * m  * e r - + m d r - m  * 
o o o o m m a m m e ~ n m b  o 3 c o c o o o h l P -  
F- 0 0 0 0 0 0 0 0 0 + m o m  3 * e 0 0 0 ~ 3 m  
9999999999999 * 9999-99 * 
o o o o o o o o o o o o o  8 * o o o o o o o  ,, 
Table A-2.  Technical c o e f f i c i e n t s ,  Zambia, 1969. 
Agriculture 1 0.01210 
Mining 2 0.00211 
Foodstuffs 3 0.01376 
Textiles 4 0.01310 
Chemicals 5 0.09200 
Metal Mnfg. 6 0.02197 
Unspecified Mnfg. 7 0.02486 
Construction 8 0.00910 
Energy 9 0.01332 
Services 10 0.03019 
Intermed. lnput 0.23249 
Value Added 0.76751 
Total Input 1.00000 
. * * * * * * * * * * *  
Import Now 0.10299 0.03399 0.14579 0.39259 0.30385 0.14286 0.27739 0.23051 
Intermed. Output 
Final Demand 
Domestic 
Exports 
Gross Output 
lmport Column 
Total Output 
* * * * * * 
Table A-3. Leontief inverse, Zambia, 1969. 
Agriculture 1 
Mining 2 
Foodstuffs 3 
Textiles 4 
Chemicals 5 
Metal Mnfg. 6 
Unspecified Mnfg. 7 
Construction 8 
Energy 9 
Senrirrs 10 
Appendix B: Some Existing World Models 
Professor L.R. Klein, PROJECT LINK, Economic Research Unit, University 
of Pennsylvania, Philadelphia. The project consists of: 13 individual 
country models; regional models for four developing areas; some reduced 
form equations for 12 other developing countries; trade models for the 
CMEA group of socialist countries, and an international trade matrix 
connecting these components. It is supported by the United Nations. 
The International Monetary Fund Trade Model, R. Rhomberg, Washington, D.C. 
It comprises a 25-country, four commodity model. 
The Dynamic World Regional Input/Output Model, Professor Douglas Nyhus, 
University of Maryland, College Park, Maryland, U.S.A. It includes 10 
developed countries plus a very simple rest-of-the-world model. 
The World Food Model, Professor H. Linnemann, Economic and Social 
Institute, Free University of Amsterdam. According to the Institute, 
"The model describes the development of the entire agricultural sector 
in each country, or group of countries. The total number of geographical 
units is 106. Development of the non-agricultural sectors is exogenous 
to the model and so is population growth." 
The Bariloche World Model, A. Herrara, Fundacion Bariloche, Argentina. 
The Mesarovic-Pestel World Model, University of Hannover, Federal Republic 
of Germany, and the Limits to Growth Model, Donella Meadows, et al., 
Dartmouth College, New Hampshire. These are the well known Club of Rome 
systems-dynamics models. 
The World Employment Model, Dr. Gerry Rodgers, International Labour Office, 
World Employment Programme, Geneva, Switzerland. This model is based 
upon input-output analysis with the USA representing the structure of 
developed economices and Mexico and/or the Philippines representing the 
structure of underdeveloped economies. 
The World Environment Model, W. Leontief, Department of Economics, 
Harvard University, Cambridge, Massachusetts. This model uses input- 
ouput analysis on a world regional basis to deal with problems of pollu- 
tion control and exhaustion of natural resources. 
World Input-Ouput Model, Professor Y. Kaya, University of Tokyo, Japan. 
The UK Department of the Environment World Model, Dr. P. Roberts, Systems 
Analysis Unit, Department of the Environment, Marsham St., London SW1, UK. 
This is another world regional input-output model with detailed agricul- 
tural treatment under Dr. David Norse. 
11. The Sc ience  P o l i c y  Research Uni t  Model, Dr.  J . A .  Cla rk  and 
M r .  Gordon MacKerron, SPRU, U n i v e r s i t y  of Sussex,  Br igh ton ,  UK. T h i s  
model i s  i n  t h e  f i r s t  s t a g e s  of f o r m u l a t i o n .  
Note: None of t h e  above inpu t -ou tpu t  models comprises  any th ing  approaching 
t h e  number of i n d i v i d u a l  coun t ry  i n t e r - i n d u s t r y  f low m a t r i c e s  conta ined 
i n  t h e  Bradford  sys tem.  

Discussion 
Bruckmann r a i s e d  the general  ques t ion  of how v a l i d  input-output techniques 
a r e  when appl ied t o  a g r i c u l t u r e .  A Leontief product ion func t ion  i s ,  by d e f i n i -  
t i o n ,  l i m i t a t i o n a l ,  i . e .  a  doubling of a l l  inpu ts  l eads  t o  exac t ly  double the 
ou tpu t .  This  production func t ion ,  a t  l e a s t  i n  the s h o r t  run,  i s  a p p l i c a b l e  
f o r  many manufacturing processes ,  bu t  not  i n  a g r i c u l t u r e .  I n  a g r i c u l t u r e  there  
a re :  a )  d e f i n i t e  diseconomies of s c a l e  (diminishing r e t u r n s ) ;  and b) abso lu te  
l i m i t i n g  f a c t o r s ,  such a s  a v a i l a b i l i t y  of land and wate r .  At the l e a s t ,  these 
f a c t o r s  may play a  s u f f i c i e n t l y  l a r g e  r o l e  t o  ques t ion  the  v a l i d i t y  of t h i s  
enormous task .  
Bottomley r e p l i e d  t h a t  t h e i r  work includes updating input-output coef f i -  
c i e n t s ,  by means of regress ion  a n a l y s i s ,  which unfor tuna te ly  has shown only 
low c o r r e l a t i o n  c o e f f i c i e n t s .  
Richardson advised t h a t  i n  such a  l a rge-sca le  ven ture  there  i s  a  c e r t a i n  
danger of becoming so deeply intrenched i n  data  t h a t  one might loose c o n t r o l  
of what i s  happening un less  one c o n t r o l s  by using meta- indicators .  
Kaya asked where input-output d a t a  f o r  China were obtained;  Bottomley 
r e p l i e d  t h a t  they came from a  Japanese source.  Taylor s t r e s s e d  the f a c t  t h a t  
he knew these d a t a  t o  be u n r e l i a b l e .  Bottomley pointed ou t  t h a t  i n  h i s  
venture t h e r e  was a  need t o  use whatever d a t a  were a v a i l a b l e .  
Kamrany inquired about t h e  updating procedure envisaged. Taylor rep l ied  
t h a t  f o r  the  t h i r t y  most important c o u n t r i e s  (which represented 77% of t r a d e  
and 86% of GNP) the  o f f i c i a l  n a t i o n a l  accounting da ta  a r e  used i n  a  modified 
d r a f t  method; f o r  the l e s s  important count r ies  the  c o e f f i c i e n t s  might be held 
cons tan t  . 
Cole s t r e s s e d  the r o l e  of time lags  i n  any input-output t ab le :  c o e f f i -  
-
c i e n t s  normally a r e  s e v e r a l  years  o l d ,  and i f  used f o r  f o r e c a s t i n g  purposes 
might be misleading.  Rademaker joined Cole i n  quest ioning the  usefu lness  of 
t h i s  approach f o r  f o r e c a s t i n g  purposes; the  main f i e l d  of a p p l i c a t i o n  a s  he 
s e e s  i t  could be t o  i n v e s t i g a t e  the  outcome of the  a l t e r n a t i v e  p o l i c i e s  i f  
they had been taken up a t  some time i n  the  p a s t .  
Bottomley added t h a t ,  besides the o v e r a l l  p r o j e c t ,  c e r t a i n  p a r t s  have 
been taken up, f o r  example, an EEC model i n  the form of a  6 x  6  mat r ix ,  t o  
be extended t o  a  21 x  21 o r  a  35 x  35 matr ix .  

A  Two-Level Multi-Nation Model f o r  Development Plannir,g 
-Towards a  Balanced Development Between A g r i c u l t u r e  and Industry-  
Y .  Kaya, A. Onish i ,  and H. I s h i t a n i  
I. INTRODUCTION: GLOBAL SOCIETY AT THE TURNING POINT 
The W o r l d  Economy I n  T r a n s i t i o n  
The  g l o b a l  s o c i e t y  i n  w h i c h  we now l i v e  i s  i n  t h e  
m o s t  f a r - r e a c h i n g  p e r i o d  o f  t r a n s f o r m a t i o n  i n  t h i s  c e n t u r y .  
T h e  i n d u s t r i a l  s o c i e t y  w h i c h  f i r s t  b e c a m e  d o m i n a n t  w i t h i n  
W e s t e r n  E u r o p e a n  c i v i l i z a t i o n  i n  t h e  1 8 t h  c e n t u r y  h a s  
d u r i n g  t h e  l a t t e r  h a l f  o f  t h e  2 0 t h  c e n t u r y  a n d  i n  t h e  m o r e  
e c o n o m i c a l l y  a d v a n c e d  r e g i o n s  a l r e a d y  r e a c h e d  i t s  h i g h e s t  
s t a g e s  o f  d e v e l o p m e n t .  J a p a n ,  w h i c h  w a s  l a t e r  t h a n  W e s t e r n  
E u r o p e  i n  t h r u s ~ i n g  i t s e l f  i n t o  t h i s  i n d u s t r i a l  s o c i e t y ,  
h a s ,  i n  l i t t l e  more  t h a n  t h e  c e n t u r y  w h i c h  h a s  e l a p s e d  
s i n c e  t h e  M e i j i  R e s t o r a t i o n ,  c a u g h t  u p  w i t h  t h e  l e v e l s  o f  
d e v e l o p m e n t  a c h i e v e d  i n  t h e  i n d u s t r i a l  s o c i e t y  o f  E u r o p e .  
T h e  w a v e  o f  t h e  i n d u s t r i a l  r e v o l u t i o n ,  w h i c h  h a d  i t s  
s t a r t  i n  E n g l a n d  a t  t h e  e n d  o f  t h e  1 7 t h  c e n t u r y ,  w a s  r a p i d l y  
p r o p a g a t e d  t o  t h e  E u r o p e a n  c o n t i n e n t  a n d  t o  N o r t h  A m e r i c a ,  
a n d  i n  t h e  c o u r s e  o f  t i m e  t o  J a p a n  i n  E a s t  A s i a .  T h e  
e x p a n s i o n  o f  i n d u s t r i a l  s o c i e t y ,  w h i c h  o f t e n  t o o k  p l a c e  
a c c o r d i n g  t o  p r i n c i p l e s  o f  e x p l o i t a t i o n  a n d  " s u r v i v a l  o f  t h e  
f i t t e s t "  t y p e  c o m p e t i t i o n ,  h a d  e f f e c t s  t h a t  r e a c h e d  n o t  o n l y  
t h r o u g h o u t  t h e  c o n f i n e s  o f  t h e  c o u n t r i e s  w h e r e  i n d u s t r i a l  
s o c i e t y  f i r s t  s a w  g r o w t h ,  b u t  a l s o  p e n e t r a t e d  i n t o  f a r  
d i s t a n t  l a n d s  a s  w e l l ,  i n  s u c h  a  way t h a t  t h i s  e x p a n s i o n  
a c t e d  t o  i n c o r p o r a t e  t h e  e c o n o m i e s  o f  a l l  c o u n t r i e s  i n t o  
a n  i A t e r n a t i o n a 1  f r a m e w o r k  t h a t  w a s  b o t h  " o r g a n i c "  2 n d  
m a r k e d  by  c o n t r a d i c t o r y  a n d  u n m a t c h i n g  i n t e r e s t .  
I n t e r n a t i o n a l  r e l a t i o n s  i n  m o d e r n  t i m e s  c o n t i n u e d  t o  
b e  g o v e r n e d , .  a s  b e f o r e ,  b y  t h e  p r i n c i p l e s  o f  d o m i n a t i o n  
a n d  s u b s e r v i e n c e  w h i c h  h a d  c h a r a c t e r i z e d  t h e  M i d d l e  A g e s ,  
a n d  t h o s e  p o w e r s  w h i c h  w e r e  l a r g e  i n  a n  e c o n o m i c  a n d  m i l i -  
t a r y  s e n s e  d o m i n a t e d  t h e  s m a l l e r  a n d  w e a k e r  c o u n t r i e s .  
T h i s  s o r t  o f  p r i n c i p l e ,  w h i c h  o n c e  e n j o y e d  w i d e  a c c e p t a n c e  
a l m o s t  a s  i f  i t  h a d  b e e n  c o n s i d e r e d  t h e  o n l y  p r i n c i p l e  
w h i c h  c o u l d  o r  o u g h t  t o  g o v e r n  s o c i e t y  w a s  v e r y  i n f l u e n t i a l  
i n  t h e  f o r m a t i o n  o f  t h e  m o d e r n  w o r l d  e c o n o m i c  o r d e r .  I n  
a l l  p l a c e ;  w ,he re  t h e  i n f l u e n c e  o f  t h i s  p r i n c i p l e  w a s  f e l t ,  
t h e  i n t e r n a t i o n a l  e c o n o m i c  o r d e r  w h i c h  d e v e l o p e d  c e n t e r e d  
o n  t h e  i n d u s t r i a l l y  a d v a n c e d  s t a t e s .  N a t u r a l  r e s o u r c e s  
a n d  w e a l t h ,  a n d  e v e n  human  r e s o u r c e s  c a m e  t o  b e  c o n c e n t r a t e d  
i n  t h e  i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s ,  w h i l e  t h e  l e s s  
d e v e l o p e d  c o u n t r i e s ,  t y p i c a l l y  p l a c e d  i n  r e l a t i o n s h i p s  o f  
s u b s e r v i e n c e  a n d  e x p l o i t a t i o n ,  w e r e  k e p t  i n  a  p r e - i n d u s t -  
r i a l  s t a t e  o f  s o c i e t y .  As S w e d i s h  e c o n o m i s t  a n d  s o c i o -  
l o g i s t  G u n n a r  M y r d a l  h a s  p o i n t e d  o u t , " )  m e c h a n i s m s  w e r e  
b u i l t  i n t o  i n t e r n a t i o n a l  s o c i e t y  w h e r e b y  t h e  m o r e  a d v a n c e d  
c o u n t r i e s  c o u l d  b e c o m e  r i c h e r  a n d  r i c h e r  a n d  m o s t  o r  many 
o f  t h e  l e s s  a d v a n c e d  c o u n t r i e s  c o u l d  b e c o m e  p o o r e r  a n d  
p o o r e r - - a s  h a p p e n e d .  
T h e  e n e r g y  w h i c h  t r a n s f o r m e d  E u r o p e ' s  f e u d a l  s o c i e t y  
i n t o  a  m o d e r n  s o c i e t y  c a m e  i n  l a r g e  p a r t  f r o m  t h e  d e s i r e  
f o r  t h e  r e c o v e r y  o f  r i g h t s  o n  t h e  p a r t  o f  i n d i v i d u a l  
p e o p l e  who h a d  b e e n  p a r t  o f  t h e  r e p r e s s e d  m a s s e s  o f  t h e  
p r e - m o d e r n  a g e .  S i m i l a r l y ,  t h e r e  c a m e ,  a f t e r  t h e  S e c o n d  
W o r l d  W a r ,  a n  e x p l o s i o n  o f  d e m a n d  f o r  t h e  r e c o v e r y  o f  r i g h t s  
o n  t h e  p a r t  o f  i n d i v i d u a l  c o u n t r i e s  i n  t h o s e  r e g i o n s  w h o s e  
l e s s - d e v e l o p e d  s t a t e  h a d  c o n t i n u e d  s i n c e  t h e  M i d d l e  A g e s  
a n d  w h i c h  w e r e  b e i n g  r e p r e s s e d  b y  m o d e r n  i n t e r n a t i o n a l  
s o c i e t y .  W h i l e  t h e  i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s  h a v e  
b e e n s g e t t i n g  r i c h e r  a n d  r i c h e r ,  d e m a n d s  f o r  v a s t  c h a n g e  i n  
a  w o r l d  e c o n o m i c  o r d e r  w h i c h  i s  c o n s i d e r e d  t o  f u n c t i o n  a t  
t h e  e x p e n s e  o f  h a n d i c a p p i n g  t h e  p r o g r e s s  o f  t h e  l e s s -  
d e v e l o p e d  c o u n t r i e s  a r e  g r a d u a l l y  c o m i n g  t o  t h e  f o r e  among  
t h e  l a r g e  n u m b e r  o f  new n a t i o n s  t h a t  h a v e  b e c o m e  f r e e  f r o m  
f o r m e r  c o l o n i a l  s t a t u s ,  a n d  t h e s e  n a t . i o n s l  p o l i t i c a l  v o i c e  
c a n  n o  l o n g e r  b e  i g n o r e d  b y  t h e  i n d u s t r i a l l y  a d v a n c e d  n a t i o n s .  
The  e s t a b l i s h m e n t  o f  t h e  I n t e r n a t i o n a l  M o n e t a r y  Fund  
a n d  o f  t h e  G e n e r a l  A g r e e m e n t  o n  T a r i f f s  a n d  T r a d e  w h i c h  
s u p p o r t e d  t h e  w o r l d  e c o n o m i c  o r d e r  a f t e r  t h e  S e c o n d  W o r l d  
War w e r e  m e a s u r e s  a i m e d  m a i n l y  a t  t h e  e x p a n s i o n  o f  t r a d e  
among t h e  i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s  a n d  a t  a  s t a b i -  
l i z a t i o n  o f  e x c h a n g e  r a t e s ,  I n  t h e  b u i l d i n g  o f  t h e s e  r .  
s t r u c t u r e s  a n  e s p e c i a l l y  g r e a t  r o l e  w a s  p l a y e d  b y  t h e  U n i t e d  
S t a t e s .  
T h e  d o l l a r  s t a n d a r d  a n d  t h e  p r i n c i p l e  o f  f r e e  t r a d e  
w e r e  a d o p t e d  a t  a  t i m e  when  t h e  U n i t e d  S t a t e s  e c o n o m y  w a s  
t h e  c o r e  o f  t h e  w o r l d  e c o n o m y ,  much l i k e  t h e  s u n  w i t h i n  o u r  
s o l a r  s y s t e m .  One may d i s c e r n  h e r e  a  s y s t e m  s t r u c t u r e  i n  
w h i c h  a  g r o u p  o f  i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s  w e r e  
p l a n e t s ,  a n d  a  l a r g e  n u m b e r  o f  e c o n o m i c a l l y  l ess  d e v e l o p e d  
c o u n t r i e s  a s s u m e d  t h e  p o s i t i o n  o f  s a t e l l i t e s .  T h e  i n t e r n a t i o -  
n a l  d y n a m i s m  w h i c h  u n d e r l a y  t h e  s u b s e q u e n t  d e v e l o p m e n t  o f  
t h i s  w o r l d  e c o n o m i c  s y s t e m  w a s  i n  t h e  f l u i d  b a l a n c e  b e t w e e n  
t h e  f o r c e s  o f  a t t r a c t i o n  i n  t h e  d i r e c t i o n  o f  t h e  l a r g e  a n d  
p o w e r f u l  U n i t e d  S t a t e s  e c o n o m y  a n d  f o r c e s  o p p o s i n g  t h i s  
a t t r a c t i o n .  
H o w e v e r ,  t h e  e x p a n s i o n  o f  t h e  i n t e r n a t i o n a l  i n f l u e n c e  
o f  t h o s e  r e g i o n s  w i t h  c e n t r a l l y  p l a n n e d  e c o n o m i e s ,  t h e  
c h a n g e s  i n  t h e  e c o n o m i c  p o w e r  r e l a t i o n s  w i t h  t h e  U n i t e d  
S t a t e s  b r o u g h t  a b o u t  b y  t h e  i n c r e a s e d  p r o m i n e n c e  o f  t h e  
E u r o p e a n  Communi ty  a n d  J a p a n ,  t o g e t h e r  w i t h  t h e  e x p a n d e d  
i n f l u e n c e  o f  t h e  d e v e l o p i n g  c o u n t r i e s ,  h a v e  b e e n  m a j o r  
f a c t q r s  i n  t h e  g r a d u a l  e r o s i o n  o f  t h e  p o s t - w a r  w o r l d  e c o n o m i c  
o r d e r  t h a t  w a s  c e n t e r e d  a r o u n d  t h e  U n i t e d  S t a t e s .  I t  i s  
a l s o  n o t e w o r t h y  t h a t  t h e  r a p i d  a d v a n c e  o f  i n f l a t i o n  w h i c h  
a c c o m p a n i e d  t h e  e n o r m o u s  g r o w t h  i n  U n i t e d  S t a t e s  e x p e n d i t u r e s  
o n  t h e  V i e t  Nam w a r  h e l p e d  b r i n g  o n  t h e  c o l l a p s e  o f  t h e  IMF 
s y s t e m  b a s e d ' o n  t h e  d o l l a r  s t a n d a r d  a n d  g a v e  r i s e  t o  t h e  
c u r r e n t  u s e  o f  f l e x i b l e  e x c h a n g e  r a t e s .  
T h e  i n f l a t i o n a r y  any p r e s s u r e s  w h i c h  i s s u e d  l a r g e l y  f r o m  
t h e  U n i t e d  S t a t e s  a n d  s p r e a d  t h r o u g h o u t  m o s t  o f  t h e  o t h e r  
i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s  c a u s e d  a n  u n d u e  w i d e n i n g  
b e t w e e n  p r i c e  i n c r e a s e s  f o r  e n e r g y  a n d  o t h e r  r e s o u r c e s  
e x p o r t e d  b y  t h e  d e v e l o p i n g  c o u n t r i e s  a n d  p r i c e  i n c r e a s e s  
o f  m a n u f a c t u r e d  p r o d u c t s  e x p o r t e d  b y  t h e  i n d u s t r i a l l y  
a d v a n c e d  c o u n t r i e s .  One o u g h t  t o  b e  a b l e  t o  r e c o g n i z e  t h a t  
t h e  r a i s i n g  b y  M i d d l e  E a s t e r n  c o u n t r i e s  o f  o i l  e x p o r t  p r i c e s  
w a s  s u d d e n  a n d  f o r c e f u l  c o r r e c t i o n  o f  t h i s  u n b a l a n c e  b y  
w h i c h  r e s o u r c e  p r i c e s  h a d  f o r  l o n g  b e e n  u n j u s t l y  d e p r e s s e d  
i n  r e l a t i o n  t o  t h e  p r i c e s  s e t  b y  i n d u s t r i a l l y  a d v a n c e d  
c o u n t r i e s  f o r  e x p o t t  o f  t h e i r  m a n u f a c t u r e d  g o o d s .  T h i s  
a l l  s i g n i f i e s  t h e  b e g i n n i n g  o f  a  m o r e  v i g o r o u s  p r o c e s s  o f  
r i g h t s  r e c o v e r y  b y  a  l a r g e  n u m b e r  o f  d e v e l o p i n g  c o u n t r i e s ,  
w h i c h  h a v e  h e r e t o f o r e  b e e n  h a n d i c a p p e d  b y  r e s t r i c t i o n s  
i m p o s e d  b y  t h e  i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s .  T h e  
d e c l a r a t i o n  o f  e n f o r c e m e n t  o f  p e r p e t u a l  s o v e r e i g n t y  o v e r  
n a t u r a l  r e s o u r c e s  w h i c h  w a s  a p p r o v e d  b y  m a j o r i t y  v o t e  i n  
t h e  U n i t e d  N a t i o n s  G e n e r a l  A s s e m b l y  i n  1 9 7 5  (2) i s  a  k n e l l  
w a r n i n g  o f  t h e  e n d  o f  a n  a g e  i n  w h i c h  i n d u s t r i a l l y  a d v a n c e d  
E O U n t r i e ~  . c o u l d ,  i n  t h e i r  e f f o r t s  t o  r a i s e  t h e  l e v e l s  o f  
w e l f a r e  o f  t h e i r  own p e o p l e ,  u n j u s t l y  d e p r e s s  p r i c e s  p a i d  
f o r  n a t u r a l  r e s o u r c e s  f r o m  t h e  d e v e l o p i n g  c 0 u n t r i e . s .  I t  i s  
a l s o  a  t h u n d e r i n g  a t  d a w n ,  a n n o u n c i n g  t h e  o p e n i n g  o f  t h e  
new " e r a  o f  g l o b a l i z a t i o n " .  
T h e  O p e n i n g  Of T h e  E r a  Bf G l o b a l i z a t i o n  
T h e r e  a r e  a  n u m b e r  o f  t o p i c s  s u c h  a s  r e s o u r c e s  a n d  
e n e r g y ,  f o o d ,  p o p u l a t i o n ,  e c o n o m i c  g r o w t h ,  i n f l a t i o n ,  
m o n e t a r y  s y s t e m s ,  e n v i r o n m e n t  a n d  p e r s o n a l  v a l u e s  a n y  o f  
w h i c h ,  i f  e x a m i n e d ,  w o u l d  s h o w  t h a t  o u r  s o c i e t y  i s  f a s t  
a d v a n c i n g  t o w a r d  a n  " e r a  o f  g l o b a l i z a t i o n " - - t h i s  i s  t o  s a y ,  
a n  a g e  i n  w h i c h  w o r k a b l e  s o l u t i o n s ,  a s  s e e n  f r o m  a  g l o b a l  
v i e w p o i n t ,  a r e  b e i n g  made  u r g e n t l y  n e c e s s a r y .  
U n t i l  r e c e n t l y  e c o n o m i s t s  w e r e  p r e d i c t i n g  a  s i t u a t i o n  
w h e r e b y  p r o d u c t i o n  o f  p e t r o l e u m ,  o n e  o f  t h e  e a r t h ' s  
l i m i t e d  r e s o u r c e s ,  w o u l d  s o o n  b e  s u b j e c t e d  t o  s t r i n g e n t  
c o n t r o l s ,  o r  p r e d i c t i n g  t h e  p r e s e n t  s i t u a t i o n  w h e r e b y  many 
c o u n t r i e s ,  l a r g e l y  d u e  t o  t h e  f o u r - f o l d  i n c r e a s e  i n  t h e  
p r i c e  o f  p e t r o l e u m  w i t h i n  j u s t  two y e a r s ,  h a v e  b e e n  b e s e t  
w i t h  t h e  s t e e p  a d v a n c e  o f  i n f l a t i o n ,  a n d  s t a g n a t i o n  o f  
e c o n o m i s t  g r o w t h .  
The  r e p o r t  e n t i t l e d  "The  L i m i t s  t o  G r o w t h " ,  p r e p a r e d  
by t h e  Meadows g r o u p  a n d  s u b m i t t e d  t o  t h e  C l u b  o f  Rome i n  
1 9 7 2 ,  c a l l e d  a t t e n t i o n  t o  t h e  g l o b a l  r e s t r i c t i o n s  o n  g r o w t h  
a n d ,  w a r n e d  o f  t h e  g l o b a l  l i m i t a t i o n s  i m p o s e d  by  r e s o u r c e s ,  
f o o d ,  e n v i r o n m e n t a l  p o l l u t i o n ,  e t c .  The  r e p o r t  recommended 
t h e  e v e n t u a l  a t t a i n m e n t  o f  w h a t  was  t e r m e d  " z e r o  g r o w t h . ' '  
B u t ,  when s p e a k i n g  o f  s u c h  m a t t e r s  a s  l i m i t a t i o n s  o f  n a t u r a l  
r e s o u r c e s  o r  s e l f - s u f f i c i e n c y  i n  f o o d ,  we m u s t  r e c o g n i z e  
t h a t  w i t h i n  t h e  p r e s e n t - d a y  g l o b a l  s o c i e t y  i n  w h i c h  t h e r e  
a r e  g r e a t  d i f f e r e n c e s  among v a r i o u s  c o u n t r i e s  i n  t h e  way 
t h i s  i s s u e  i s  veiwed. To s a y  t h a t  r e s o u r c e s  a n d  f o o d  a r e  
i n s u f f i c i e n t  i s  n o t  t o  s a y  t h a t  t h i s  s i t u a t i o n  h o l d s  
e q u a l l y  t r u e  i n  a l l  c o u n t r i e s .  The  s c e n a r i o s  i n  t h e  " h a v e  
c o u n t r i e s "  a r e  q u i t e  d i f f e r e n t  f r o m  t h o s e  o f  t h e  " h a v e -  
n o t  c o u n t r i e s " .  
I n  t h e  r e p o r t  e n t i t l e d  "Mankind  a t  t h e  T u r n i n g  P o i n t "  
p r e p a r e d  by  t h e  M e s a r o v i c  a n d  P e s t e l  g r o u p  a n d  p r e s e n t e d  
a t  t h e  C l u b  o f  Rome m e e t i n g  h e l d  i n  W e s t  B e Z i n  i n  O c t o b e r ,  
1 9 7 4 , .  t h e  w o r l d  was  d i v i d e d  i n t o  1 0  r e g i o n s  a n d  v a r i o u s  
a 
" s c e n a r i o s "  w e r e  d e p i c t e d  f o r  e c o n o m i c  p a t t e r n s  s u b j e c t  
t o  t h e  l i m i t a t i o n s  i n  p e t r o l e u m  a n d  f o o d  r e s o u r c e s .  
C o n c e r n i n g  s h o r t a g e s  o f  f o o d s t u f f  s u p p l y ,  f o r  e x a m p l e ,  
t h e  r e p o r t  p t e d i c t s  t h a t  w h e r e a s  t h i s  p r o b l e m  w i l l  become 
more  s e r i o u s  i n  S o u t h  A s i a ,  a  r e g i o n  o f  e x c e s s i v e  p o p u l a t i o n  
p r e s s u r e ,  s u c h  a  s i t u a t i o n  i s  n o t  e x p e c t e d  t o  o c c u r  i n  t h e  
N o r t h  A m e r i c a n  r e g i o n .  T h i s  i s  a n  e x a m p l e  o f  t h e  " r e g i o n a l  
d i f f e r e n c e s "  we h a v e  s p o k e n  o f .  I t  i s  a l s o  p r e d i c t e d  t h a t ,  
i n  r e l a t i o n  t o  d w i n d l i n g  p e t r o l e u m  r e s o u r c e ,  g l o b a l  s o c i e t y  
w o u l d  f a c e  a  g r e a t  c r i s i s  o f  o p p o s i t i o n  i f  o i l  p r o d u c i n g  a n d  
o i l  c o n s u m i n g  c o u n t r i e s  s h o u l d  b e c o m e  m o r e  s e v e r e .  T h e  
r e p o r t  c a l l s  f o r  a  new a g e  i n  w h i c h  a l l  c o u n t r i e s  p u t  a n  e n d  
t o  s e l f - c e n t e r e d  p a t t e r n s  o f  g r o w t h  a n d  e f f e c t  a  t r a n s i t i o n  
t o  a  p a t t e r n  o f  w h a t  t h e y  c a l l  " o r g a n i c  g r o w t h "  i n  w h i c h  
h a r m o n y  i n  e c o n o m i c  g r o w t h  w o u l d  b e  w o r k e d  o u t  o n  a  g l o b a l  
l e v e l .  
T h e  o r i e n t a t i o n  i n  t h i s  r e p o r t  w a s  n o t  " z e r o  g r o w t h "  i n  
t h e  i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s ,  b u t  r a t h e r  a  s e e k i n g  
a f t e r  " a p p r o p r i a t e  l e v e l s  o f  g r o w t h . "  T h e  e x p e r i e n c e  o f  
t h e  " o i l  s h o c k , "  w h i c h  b r o u g h t  i n  i t s  w a k e  o n e  t y p e  o f  z e r o  
( o r  n e a r - z e r o )  e c o n o m i c  g r o w t h  u n d e r  c o n d i t i o n s  o f  r e s t r i c t e d  
e u p p l y  o f  n a t u r a l  r e s o u r c e s ,  h a d ,  i n  t h e  i n t e r v a l  b e t w e e n  t h e  
t w o  a b o v e - m e n t i o n e d  r e p o r t s ,  s e r v e d  a s  a n  o p p o r t u n i t y  f o r  
t h e  m e a n i n g  o f  " z e r o  e c o n o m i c  g r o w t h "  t o  b e  r e c o n s i d e r e d  
f r o m  a n  i n t e r n a t i o n a l  s t a n d p o i n t .  
One f u n d a m e n t a l  p r o b l e m  i s  t h a t  z e r o  g r o w t h  i n  t h e  
i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s  t e n d s  t o  h i n d e r  e c o n o m i c  
d e v e l o p m e n t  i n  t h e  developing.countries,thus i t  s t i l l  m o r e  
d i f f i c u l t  t o  s o l v e  t h e  " N o r t h - S o u t h  p r o b l e m " .  A n o t h e r  
f u n d a m e n t a l  c o n s i d e r a t i o n  i s  t h a t  t h e  p r e s e n t - d a y  f r e e  
m a r k e t  s y s t e m  c o u l d  n o t  b e  m a i n t a i n e d  u n d e r  z e r o  g r o w t h  
c o n d i t i o n s .  I f  t h e  a d v a n c e d  i n d u s t r i a l  c o u n t r i e s  w e r e  
f 0 r c e . d  t o  t h e  l e v e l  o f  z e r o  g r o w t h  u n d e r  c o n d i t i o n s  o f  
r e s t r i c t e d  p e t r o l e u m  r e s o u r c e ,  t h i s  c o u l d  w e l l  t o  a  c r i s i s  
t h r e a t e n i n g  c o l l a p s e  o f  t h e  c a p i t a l i s t  m a r k e t  s y s t e m .  I n  
t h i s  l a t t e r  s e n s e ,  w h a t  o n e  m i g h t  c a l l  t h e  " l i m i t s  t o  z e r o  
g r o w t h "  a r e  i n  l a r g e  p a r t  t o  b e  f o u n d  i n  t h e  c a p i t a l i s t  
m a r k e t  s y s t e i  a s  s u c h .  
On t h e  o t h e r  h a n d ,  s e e n  f r o m  t h e  p e r s p e c t i v e  o f  t h e  
h i s t o r y  o f  c i v i l i z a t i o n ,  i t  i s  a  p r e s e n t  r e a l i t y  t h a t  
human s o c i e t y  h a s  e n t e r e d  a n  a g e  o f  t i g h t e n i n g  g l o b a l  
l i m i t a t i o n s  o n  n a t u r a l  r e s o u r c e s .  T h a t  t h e r e  s h o u l d  
b e g i n  t o  b e  a  q u i c k e n i n g  o f  movements  t o w a r d  a  new 
i n t e r n a t i o n a l  e c o n o m i c  o r d e r ,  a n d  a l s o  t o w a r d  a  t r a n s i t i o n  
t o  v a l u e  s y s t e m s  which a r e  a p p r o p r i a t e  t o  t h i s  new a g e ,  may 
b e  c a l l e d  a  n a t u r a l  c o u r s e  o f  d e v e l o p m e n t .  I f  f r e e  r e i n  
s h o u l d  c o n t i n u e  t o  b e  g i v e n  t h e  s o - c a l l e d  " l o g i c  o f  f o r c e "  
a n d  t o  t h e  c l o s e l y  r e l a t e d  s o r t  o f  b e h a v i o r  b y  w h i c h  
i n d i v i d u a l  n a t i o n s  a c t  a s  t h e y  p l e a s e ,  human s o c i e t y  w i l l  
b e  a t  t h e  b r i n k  o f  a  g r e a t  c r i s i s .  
And i t  i s  i n  t h i s  c o n n e c t i o n  t h a t  i t  i s  n e c e s s a r y  t o  
r e c o n s i d e r  t h e  m e a n i n g  o f  t h e  l i m i t a t i o n s  o f  r e s o u r c e s  
w i t h  w h i c h  o u r  g l o b a l  s o c i e t y  m u s t  c o p e .  B e f o r e  t h e r e  
a r i s e s  a n  a b s o l u t e  i n s u f f i c i e n c y  o f  r e s o u r c e s  o n  a  g l o b a l  
s c a l e ,  t h e r e  i s ,  a s  i s  a l r e a d y  t h e  c a s e ,  t h e  s i t u a t i o n  o f  
r e l a t i v e  r e s o u r c e  i n s u f f i c i e n c i e s ,  i m p o s e d  by  t h e  d e f i c i e n -  
c i e s  i n  t h e  p r e s e n t - d a y  i n t e r n a t i o n a l  e c o n o m i c  s y s t e m .  I n  
s p i t e  o f  t h e  f a c t  t h a t  t h e  e a r t h ' s  n a t u r a l  r e s o u r c e s  a r e ,  
f u n d a m e n t a l l y ,  t h e  common p r o p e r t y  o f  a l l  humans, t h e i r  u s e  
h a s  b e e n  l a r g e l y  u d d e r  t h e  c o n t r o l  o f  l a r g e  c o o p e r a t i o n s  
b a s e d  i n  t h e  m a j o r  i n d u s t r i a l  p o w e r s .  A s  p o i n t e d  o u t  e a r l i e r ,  
t h e  U n i t e d  N a t i o n s  d e c l a r a t i o n  o n  r i g h t s  o f  p e r m a n e n t  
n a t i o n a l  s o v e r e i g n t y  o v e r  n a t u r a l  r e s o u r c e s  i s  a  h i s t o r i c  
m i l e s t o n e  i n  t h e  d e v e l o p i n g  c o u n t r i e s '  o p p o s i t i o n  t o  domi-  
n a t i o n  by  m a j o r  i n d u s t r i a l l y  a d v a n c e  c o u n t r i e s  o r  by  g i a n t  
m u l t i n a t i o n a l  c o o p e r a t i o n s .  
B u t  a t  t h e  s a m e  t i m e ,  t h i s  d e c l a r a t i o n  t e n d s  t o  s a k e  
e v e n  m o r e  p r o n o u n c e d  t h e  o f t e n  p o l a r i z e d  d i v i s i o n s  b e t w e e n  
t h o s e  c o u n t r i e s  w i t h i n  o u r  g l o b a l  s o c i e t y  w h i c h  h a p p e n  t o  
p o s s e s s  a  r e l a t i v e  a b u n d a n c e  o f  n a t u r a l  r e s o u r c e s  a n d  t h o s e  
c o u n t r i e s  w h i c h  d o  n o t .  By b e c o m i n g  t h u s  i n v o l v e d  i n  t h e  
r e l a t i o n s h i p s  b e t w e e n  r e s o u r c e - p o s s e s s i n g  a n d  n o n - r e s o u r c e -  
p o s s e s s i n g  c o u n t r i e s ,  t h i s  d e c l a r a t i o n  h a s  f u r t h e r  c o m p l i c a t e d  
N o r t h - S o u t h  e c o n o m i c  r e l a t i o n s .  A s  l o n g  a s  p r e s e n t - d a y  
g l o b a l  s o c i e t y  c o n t i n u e s  t o  b e  d i v i d e d  a l o n g  l i n e s  o f  e a c h  
c o u n t r y ' s  " n a t i o n a l  s o v e r e i g n t y , "  w i t h  t h e  e g o i s m s  o f  
v a r i o u s  c o u n t r i e s  c o n t i n u i n g  t o  s t a n d  i n  o p p o s i t i o n  t o  
o n e  a n o t h e r ,  t h e  r e a l i t y  o f  l i m i t e d  r e s o u r c e s  w i l l  c r o p  
up i n  t h e  f o r m  o f  o t h e r  s h a r p  a n d  u n p l e a s a n t  a s p e c t s  o f  
t h e  p r o b l e m .  Mos t  e s p e c i a l l y ,  s h o u l d  c o u n t r i e s  w i t h  l a r g e  
a m o u n t s  o f  r e s o u r c e s  u s e  t h e i r  m i n e r a l  o r  f o o d  r e s o u r c e s  
a s  " w e a p o n s "  i n  t h e i r  r e l a t i o n s  w i t h  o t h e r  c o u n t r i e s ,  
s e e k i n g  t h e r e b y  t o  u p h o l d  t h e i r  own p o s i t i o n s  i n  t h e  w o r l d  
e c o n o m y ,  t h i s  w o u l d  c a s t  a n  e v i l  a n d  u n f a t h o m a b l e  s h a d o w  
o v e r  t h e  f u t u r e  e c o n o m i c  c o u r s e  o f  t h e  w o r l d .  
I n t e r n a t i o n a l  E c o n o m i c  P o l i c i e s  U n d e r  
P r e s s u r e  To C h a n g e  
A t  t h e  U n i t e d  N a t i o n s  Food C o n f e r e n c e  o f  1 9 7 4 ,  t h e r e  
w a s  g e n e r a l  a g r e e m e n t  o n  t h e  n e e d  f o r  a  w o r l d w i d e  i n f o r -  
m a t i o n  s y s t e m  w i t h  r e s p e c t  t o  f o o d .  I n  t h e  g l o b a l  s o c i e t y  
i n  w h i c h  we l i v e ,  i t  i s  n o t  o n l y  w i t h  r e s p e c t  t o  f o o d ,  
h o w e v e r ,  t h a t  i n t e r d e p e n d e n t  s y s t e m s  s t r u c t u r e s  e x i s t  
among a l l  c o u n t r i e s .  F o r  e x a m p l e ,  t h e r e  a r e  i n t e r d e p e n d e n t  
r e l a t i o n s h i p s  among c o u n t r i e s  w i t h  r e s p e c t  t o  e c o n o m i c  
g r o w t h ,  t r a d e ,  r e s o u r c e s  a n d  e n e r g y ,  p o p u l a t i o n  a n d  e n v i r o n -  
m e n t ,  a n d  m o r e o v e r  t h e r e  a r e  g l o b a l l y  i n t e r d e p e n d e n t  
r e l a t i o n s h i p s  among more  s p e c i f i c a l l y  d e f i n e d  s u b - s e c t o r s  
o f  e a c h  o f  t h e s e .  F u r t h e r m o r e ,  t h e  t o t a l  s y s t e m  o f  
r e l a t i o n s h i p s  i s  c h a r a c t e r i z e d  by  t h e  f a c t  t h a t  i t  c h a n g e s  
d y n a m i c a l l y  over t i m e .  I f  we t h i n k  f o r  a  moment o f  t h e  
o b j e c t i v e s  o f  J a p a n ' s  p l a n s  f o r  e c o n o m i c  g r o w t h ,  we s e e  
t h a t  t h e r e  i s  n o t  now a  s i n g l e  o n e  o f  t h e m  t h a t  o u r  c o u n t r y  
i s  a b l e  t o  a c h i e v e  w h o l l y  o n  i t s  own. T h e  J a p a n e s e  e c o n o m y ,  
w h i c h  i s  h y p e r s e n s i t i v e  t o  l i m i t a t i o n s  o f  e n e r g y  r e s o u r c e s ,  
c a n n o t  a c h i e v e  p r o p o s e d  e c o n o m i c  g r o w t h  r a t e s  i n  d i s r e g a r d  
o f  t h e  l i m i t a t i o n s  i m p o s e d  b y  t h e  b a l a n c e  b e t w e e n  s u p p l y  
a n d  demand of primary energy resources ,  e s p e c i a l l y  p e t r o l e u m .  
T h e  d e v e l o p m e n t  o f  t e c h n o l o g y  f o r  t h e  e x p l o i t a t i o n  
o f  s o u r c e s  o f  e n e r g y  o t h e r  t h a n  p e t r o l e u m  i s  a d v a n c i n g ,  
b u t  i t  i s  g e n e r a l l y  c o n s i d e r e d  t h a t  i t  w i l l  b e  o n l y  a f t e r  
t h e  b e g i n n i n g  o f  t h e  2 1 s t  c e n t u r y  t h a t  t h e s e  s u b s t i t u t e  
e n e r g y  s o u r c e s  w i l l  r e p l a c e  o i l  o n  a  l a r g e  s c a l e ,  a n d  
u n t i l  t h a t  t i m e  J a p a n ' s  e n e r g y  s u p p l i e s  w i l l  h a v e  t o  r e l y  
o n  o v e r s e a s  s o u r c e s  o f  p e t r o l e u m .  
U n d e r  s u c h  c i r c u m s t a n c e s ,  we m u s t  r e c o g n i z e  t h a t  J a p a n ' s  
economy w i l l  r e m a i n  h i g h l y  d e p e n d e n t  o n  p e t r o l e u m  t h r o u g h  
t h e  e n d  o f  t h i s  c e n t u r y ,  e v e n  t h o u g h  we may a t  t h e  s a m e  
t i m e  b e  g r o p i n g  i n  new d i r e c t i o n s  t o w a r d  a  " p o s t - p e t r o l e u m  
a g e "  t o  b e  a c h i e v e d  t h r o u g h  c h a n g e s  i n  i n d u s t r i a l  s t r u c t u r e  
a n d  t e c h n o l o g y .  I n  o t h e r  w o r d s ,  t h e  t e m p o  o f  J a p a n ' s  
' e c o n o m i c  g r o w t h  i s  a f f e c t e d  b y  t h e  d e g r e e  t h a t  i t  i s  p o s s i -  
b l e  t o  i m p o r t  p e t r o l e u m  f r o m  a b r o a d .  I f  t h e  a c u t a l  t e m p o  
o f  e c o n o m i c  g r o w t h  s h o u l d  b e  g r e a t e r  t h a n  t h i s  " p o t e n t i a l  
g r o w t h  r a t e , "  t h e n  t h e  b a l a n c e  b e t w e e n  e n e r g y  s u p p l y  a n d  
demand  w i l l  b e  u p s e t  a n d  t h i s  s i t u a t i o n  w i l l  i n v i t e  a d v a n c -  
i n g  i n f l a t i o n  a n d  a  w o r s e n i n g  o f  t h e  i n t e r n a t i o n a l  b a l a n c e  
o f  p a y m e n t s .  J a p a n ' s  e x c e s s  c a p a c i t y  t o  s u p p l y  e x p o r t s  
a s  w e l l  as i t s  c a p a c i t y  t o  e x p a n d  i m p o r t s  i s  l i k e w i s e  
d e t e r m i n e d  by  t h e  s t a t e  o f  t h i s  " p o t e n t i a l  g r o w t h  c a p a c i t y . ' '  
T h i s  s i t u a t i o n  a p p l i e s  n o t  o n l y  t o  t h e  J a p a n e s e  e c o n o m y ,  
b u t  a l s o  i n  g r e a t e r  o r  l e s s e r  m e a s u r e  t o  t h e  e c o n o m i e s  o f  
a l l  c o u n t r i e s  w h i c h  a r e  p l a c e d  u n d e r  c o n d i t i o n s  o f  l i m i t e d  
e n e r g y  r e s o u r c e s .  C o n s e q u e n t l y ,  u n d e r  c o n d i t i o n s  o f  l i m i t e d  
e n e r g y  a n d  o t h e r  n a t u r a l  r a s o u r c e s ,  t h e  c u r t a i n  i s  b e g i n n i n g  
t o  b e  r a i s e d  o n  a n  e r a  o f  g l o b a l  m a n a g e m e n t  o f  v a r i o u s  
c o u n t r i e s '  e c o n o m i c  g r o w t h  a n d  t r a d e .  F i r s t ,  u s e  s h o u l d  b e  
made o f  a  " w o r l d  e c o n o m i c  s y s t e m  m o d e l "  a s  p a r t  o f  t h e  s t a r t  
b e i n g  made i n  t h e  s e a r c h  f o r  new o r i e n t a t i o n s  t h r o u g h  w h i c h  
t o  e x a m i n e  t h e  d e g r e e  t o  w h i c h  t h e  e c o n o m i c  p o l i c i e s  o f  t h e  
i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s ,  s i n g l y  a n d  a s  a  w h o l e ,  
a c h i e v e  i n t e r n a t i o n a l  harmony i n  t h e i r  r e l a t i o n s  w i t h  t h e  
o i l  p r o d u c i n g  a n d  o t h e r  d e v e l o p i n g  c o u n t r i e s .  
The  r e a l i z a t i o n  o f  t h e  f a c t  o f  t h e  l i m i t a t i o n s  o f  
g l o b a l  r e s o u r c e s ,  w h i c h  h a s  f i r s t  become p r o m i n e n t  w i t h  
r e g a r d  t o  f o o d  a n d  p e t r o l e u m ,  c a n n o t  h e l p  b u t  h a v e  a s  o n e  
o f  i t s  e f f e c t s  t h a t  o f  m a k i n g  e a c h  c o u n t r y  t h i n k  anew 
a b o u t  how t o  u s e  r e s o u r c e s  m o s t  e f f i c i e n t l y .  A l o n g  w i t h  
e f f o r t s  t o w a r d  r e d u c e d  e x p l o i t a t i o n  o f  r e s o u r c e s ,  t h e r e  
w i l l  p r o b a b l y  b e ,  i n  r e s p o n s e  t o  t h e  d e m a n d s  o f  t h e  new 
a g e ,  g r e a t e r  e n c o u r a g e m e n t  g i v e n  t h e  d e v e l o p m e n t  o f  
" c l o s e d  s y s t e m s "  f o r  r e s o u r c e  r e c y c l i n g .  A l s o ,  f o r  p u r p o s e s  
o f  a t t a i n i n g  a  new d i m e n s i o n  o f  harmony b e t w e e n  humans  
a n d  n a t u r e  two i n d i s p e n s a b l e  e l e m e n t s  w i l l  b e  t h e  u n i m p a i r -  
e d  a v a i l a b i l i t y  a n d  u t i l i z a t i o n  o f  s c i e n c e  a n d  t e c h n o l o g y  
f o r  t h e  b e n e f i t  o f  a l l  p e o p l e  a n d  t h e  d e v e l o p m e n t  o f  b e t t e r  
s y s t e m s  f o r  k e e p i n g  i n  c h e c k  t e n d e n c i e s  t o w a r d  e n v i r o n -  
m e n t a l  b r e a k d o w n .  I t  i s  t h e  f o r t h c o m i n g  t a s k  o f  t h e  
" s c i e n c e  o f  e c o n o m i c s "  t o  r e c o v e r ,  i n  t h e  f u l l  s e n s e  o f  
t h e  t e r m ,  a  new l e a s e  o n  l i f e .  The a g e  i n  w h i c h  t h e  
s c i e n c e  o f  e c o n o m i c s  h a s  c o n t r i b u t e d  t o  t h e  w a s t e  o f  
r e s o u r c e s  a n d  e v e n  t o  t h e  " p o p u l a t i o n  o f  t h e  human s p i r i t "  
i s  a b o u t  t o  e n d .  A new e c o n o m i c  s c i e n c e  m u s t  b e  p o u r e d  n o t  
i n t o  a n  o l d  w i n e s k i n  b u t  i n t o  a  new o n e .  
We s h a l l  i n  t h e  f u t u r e  w e l c o m e  a n  a g e  i n  w h i c h l t h e  
s c i e n c e  o f  e c o n o m i c s  w i l l  c o n t r i b u t e ,  f r o m  a n  o v e r a l l  
g l o b a l  v i e w p o i n t ,  t o  t h e  w e l f a r e  o f  a l l  t h e  human r a c e ,  
g o i n g  b e y o n d  t h e  a g e  i n  w h i c h  e c o n o m i c s  o f t e n  s o u g h t  t o  
s e r v e  o n l y  n a t i o n a l  i n t e r e s t s  o f  i n d i v i d u a l  c o u n t r i e s .  
T h i s  i s  a l s o  t r u e  i n  t h e  f i e l d  o f  e c o n o m i c  p o l i c i e s .  I n  
o r d e r  t o  a c h i e v e  a n  o v e r a l l  g l o b a l  b a l a n c e  o f  e c o n o m i c  
p o l i c i e s  u n d k r  c o n d i t i o n s  o f  l i m i t e d  r e s o u r c e s ,  i t  i s  
r e q u i r e d  t h a t  t h e r e  b e  a  s t r e n g t h e n i n g  o f  U n i t e d  N a t i o n s  
o r g a n s  a n d  o t h e r  e c o n o m i c a l l y  r e l a t e d  i n t e r n a t i o n a l  o r g a n i  
' z a t i o n s - - a 4 s t r e n g t h e n i n g  w h i c h  r e q u i r e s  t h e  t r a n s f e r  o f  
a  p o r t i o n  o f  n a t i o n a l  s o v e r e i g n i t y .  
I n  p a r t i c u l a r ,  w i t h  r e s p e c t  t o  t h o s e  d e v e l o p i n g  
c o u n t r i e s  w h i c h  h a v e  p r o b l e m s  o f  i n a d e q u a t e  f o o d  r e s o u r c e s ,  
i n  o r d e r  t h a t  d e v e l o p m e n t  a i d  f o r  p r o m o t i n g  s e l f - s u f f i -  
c i e n c y  i n  f o o d  b e  s m o o t h l y  i m p l e m e n t e d ,  i t  w i l l  come t o  
b e  s e e n  a s  a n  u r g e n t  m a t t e r  t h a t  much l a r g e r  p o r t i o n ;  
t h e  n a t i o n a l  b u d g e t s  o f  t h e  i n d u s t r i a l l y  a d v a n c e d  a n d  o i l  
p r o d u c i n g  s t a t e s  b e  a l l o c a t e d  f o r  c o n t r i b u t i o n  t o  b o t h  
U n i t e d  N a t i o n s  o r g a n s  a n d  i n t e r n a t i o n a l  f i n a n c i a l  i n s t i t u -  
t i o n s  s u c h  a s  IBRD a n d  IMF f o r  r e d i s t r i b u t i o n  w i t h  p r i o r i t y  
g i v e n  t o  t h o s e  d e v e l o p i n g  s t a t e s  w h i c h  a r e  t h e  m o s t  s e v e r e l y  
a f f e c t e d  b y  t h e  p r o b l e m s  o f  r e s o u r c e  s c a r c i t y .  
J a p a n ,  w h i c h ,  among t h e  m a j o r  i n d u s t r i a l l y  a d v a n c e d  
c o u n t r i e s ,  h a s  t h e  m o s t  s t r i n g e n t  l i m i t a t i o n s  o f  e n e r g y  
a n d  o t h e r  n a t u r a l  r e s o u r c e s ,  i s  i n  a n  e x c e l l e n t  p o s i t i o n  
t o  u n d e r s t a n d  t h e  v i e w p o i n t  o f  t h o s e  d e v e l o p i n g  c 0 u n t r i e . s  
w h i c h  a r e  a l s o  r e s o u r c e - p o o r .  J a p a n  now s t a n d s  a t  a 
c r o s s r o a d s  o f  h a v i n g  t o  d e c i d e  w h e t h e r  t o  s i m p l y  s i t  b y  
a n d  w a t c h  t h e  p l i g h t  o f  t h e  r e s o u r c e - p o o r  d e v e l o p i n g  
c o u n t r i e s  w i t h  i n d i f f e r e n c e - - w h i c h  c o u l d  a r i s e  i f  
J a p a n  w e r e  t o  t o o  e a s i l y ,  t h r o u g h  a g r e e m e n t s  w i t h  r e s o u r c e -  
p o s s e s s i n g  c o u n t r i e s - - o r ,  o b t a i n  t h e  p r o t e c t i o n  o f  a  " r e -  
s o u r c e s  u m b r e l l a N - o r ,  o n  t h e  o t h e r  t o  f e e l  a n d  c o n s i d e r  a s  
i t s  own t h e  p l i g h t  o f  t h e s e  d e v e l o p i n g  c o u n t r i e s , t o  s t a n d  
o n  t h e  s i d e  o f  t h e s e  o t h e r  r e s o u r c e - p o o r  c o u n t r i e s ,  a n d  t o  
s h o w  +an a c t i v e  a n d  e n t h u s i a s t i c  a t t i t u d e  i n  e x t e n d i n g  a i d  t o  
t h e s e  c o u n t r i e s '  e f f o r t s  a t  l i b e r a t i n g  t h e m s e l v e s  f r o m  h u n g e r  
a n d  p o v e r t y .  
I t  i s  p o s s i b l e  t h a t  some  o f  y o u  w i l l  w o n d e r  how o n e  
c a n  s e r i o u s l y .  s u g g e s t  t h a t  J a p a n ,  i t s e l f  a f f e c t e d  b y  
l i m i t e d  r e s o u r c e s  a n d  f a c e d  w i t h  s o  many e c o n o m i c  p r o b l e m s  
o f  i t s  o w n ,  s u c h  a s  t h e  downward  t u r n  i n  i t s  r a t e  o f  
e c o n o m i c  g r o w t h ,  s h o u l d  g o  s o  f a r  a s  t o  t r y  t o  l o o k  a f t e r  
t h e  p r o b l e m s  o f  o t h e r  c o u n t r i e s  a s  w e l l .  H o w e v e r ,  t h e  
J a p a n e s e  economy i s  a n d  w i l l  c o n t i n u e  t o  b e  c o m p e l l e d  t o  
i d e n t i f y  i t s e l f  m o r e  a n d  m o r e  c l o s e l y  w i t h  t h e  w o r l d  economy 
a s  a  w h o l e .  
And t h e r e  i s  n o  d o u b t  t h a t  t h e r e  e x i s t s  a  h i s t o r i c  
o p p o r t u n i t y  f o r  J a p a n ,  s t a n d i n g  a t  a  p o i n t  o f  l i n k a g e  
b e t w e e n  E a s t  A s i a n  a n d  W e s t e r n  c i v i l i z a t i o n ,  t o  b e  t h e  
w o r l d ' s  f o r e r u n n e r  i n  e f f e c t i n g  a  t r a n s i t i o n ,  u n d e r  
c o n d i t i o n s  o f  l i m i t e d  r e s o u r c e s ,  t o  a  " p o s t - i n d u s t r i a l  
s o c i e t y " .  
I n  o u r  g l u b a l  s o c i e t y ,  w i t h  i t s  l i m i t e d  r e s o u r c e s ,  
i t  i s  l i k e l y  t h a t  t h e r e  w i l l  c o n t i n u e  t o  b e  f o r  s o m e  t i m e  
s h a r p  a n t a g o n i s m s  a n d  o p p o s i t i o n s  among  t h e  s e l f - i n t e r e s t s  
o f  v a r i o u s  c o u n t r i e s ,  b u t  t h e r e  i s ,  o n  t h e  o t h e r  h a n d ,  a n  
i n c r e a s i n g  n e c e s s i t y  f o r  c o o p e r a t i o n  among n a t i o n s .  T h i s  
s i t u a t i o n  i s  i n d e e d  t h e  h i s t o r i c a l  r e a l i t y  o f  t h e  " e r a  
o f  g l o b a l i z a t i o n "  i n  w h i c h  we m u s t  l i v e ,  a n d  i t  i s  t r u e  
t h a t  J a p a n  h o l d s  a  g r e a t  p o t e n t i a l  f o r  h e l p i n g  o p e n  u p  
t h i s  new a g e  o f  i n t e r n a t i o n a l  s o l i d a r i t y .  And,  i t  i s  
b e i n g  a w a r e  o f  j u s t  t h i s  m i s s i o n  t h a t  s h o u l d  b e  t h e  s p i r i -  
t u a l  b a c k b o n e ,  w h i c h  e x t e n d s  t h r o u g h  a l l  e f f o r t s  o f  
d e v e l o p m e n t  a s s i s t a n c e  made  b y  J a p a n .  
I f  t h i s . e p o c h - m a k h n g  r e s p o n s i b i l i t y  o f  J a p a n  a n d  a l l  
o t h e r  c o u n t r i e s  t o  i m p r o v e  i n t e r n a t i o n a l c o o p e r a t i o n  
a n d  s o l i d a r i t y  s h o u l d  f a i l ,  i t  i s  p o s s i b l e  t h a t  o p p o s i n g  
positions a n d  s t r u g g l e s  among v a r i o u s  c 0 u n t r i e . s  i n  c o n -  
n e c t i o n  w i t h  d w i n d l i n g  g l o b a l  r e s o u r c e s  m i g h t  i n t e n s i f y ,  
a n d  i t  i s  e v e n  p o s s i b l e  t h a t  t h e  d e v e l o p m e n t  o f  n u c l e a r  
e n e r g y ,  w h i c h  c a n  b e  p u t  t o  e i t h e r  p e a c e f u l  o r  w a r l i k e  
p u r p o s e ,  m i g h t  f i n a l l y  t u r n  o u t  t o  b e  m o r e  enemy t h a n  
f r i e n d ,  w f t h ' t h e  human r a c e  b e c o m i n g  t h e  v i c t i m  o f  a  
n u c l e a r  w a r .  T h e  q u e s t i o n  o f  w h e t h e r  o r  n o t  we c a n  l e a v e  
b a h i n d  t h e  p r e s e n t  " b a l a n c e  o f  f e a r "  a n d  c o r r e c t  t h e  
c o u r s e  o f  human s o c i e t y  t o  m o r e  human a n d  s t a b l e  p a t h ,  
d i r e c t e d  t o w a r d  t h e  b u i l d i n g  o f  a new w o r l d  e c o n o m i c  o r d e r  
o f  p e a c e  a n d  p r o s p e r i t y - - t h i s  q u e s t i o n  i s  t h e  r e s p o n s i b i l i -  
t y  w h i c h  w e ,  who f i n d  o u r s e l v e s  i n  a  "human s o c i e t y  a t  
t h e  t u r n i n g  p o i n t , "  h o l d  t o w a r d  o u r  c h i l d r e n  a n d  f u t u r e  
g e n e r a t i o n s .  
11. MACRO-ECONOMIC MULTI-NATION M O D E L  
R e s e a r c h  S c o p e  a n d  M e t h o d o l o g y  
From t h e  p o i n t  o f  v i e w  d e s c r i b e d  a b o v e ,  t h e  a u t h o r s  
h a v e  s t a r t e d  w i t h  c o n s t r u c t i n g  a  m a c r o - e c o n o m i c  m u l t i -  
n a t i o n  m o d e l ,  w h i c h  w i l l  c o n s t i t u t e  t h e  f i r s t  l e v e l  o f  t h e  
two l e v e l  m u l t i - n a t i o n  m o d e l  t o  b e  d i s c u s s e d  i n  c h a p t e r  3 .  
I n  t h i s  c h a p t e r  t h e  o b j e c t i v e  o f  t h i s  p a r t  o f  t h e  s t u d y ,  a n d  
t h e  d e t a i l s  o f  t h e  m a c r o - e c o n o m i c  m o d e l  w i l l  b e  d e s c r i b e d .  
The  o b j e c t i v e  o f  t h e  p r e s e n t  s t u d y  o n  t h i s  macro-  
e c o n o m i c  m o d e l  i s  t o  d e v e l o p  p e r s p e c t i v e s  o n  t h e  e c o n o m i c  
r e l a t i o n s  b e t w e e n  t h e  i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s ,  
a n d  t h e  d e v e l o p i n g  c o u n t r i e s  o f  A s i a  i n  1 9 8 5 ,  u s i n g  a  m u l t i -  
n a t i o n  model  w h o s e  b a s i c  s t r u c t u r e s  a r e  r o o t e d  i n  a  c o n s i d e -  
r a t i o n  o f  t h e  " r e l a t i o n s h i p s  o f  e c o n o m i c  d e p e n d e n c e "  among 
t h e s e  c o u n t r i e s .  
V a r i o u s  f o r e c a s t s  o f  e c o n o m i c  g r o w t h  a n d  f o r e i g n  t r a d e  
i n  c o u n t r i e s  o f  t h e  A s i a n  r e g i o n  may b e  s e e n  i n  p u b l i s h e d  
r e p o r t s  o f  s t u d i e s  u n d e r t a k e n  by s u c h  o r g a n i z a t i ~ o n s  a s  t h e  
U n i t e d  N a t i o n s ,  E c o n o m i c  a n d  S o c i a l  C o m m i t t e e  f o r  A s i a  a n d  
t h e  P a c i f i c  R e g i o n  ( E S C A P ) ( 3 ) ,  a n d  t h e  A j i a  K e i z a i  K e n k y u j o  
( 4 )  ( T h e  I n s t i t u t e  o f  D e v e l o p i n g  E c o n o m i e s )  i n  Tokyo . 
H o w e v e r ,  a t t e m p t s  t o  a n a l y z e  a n d  f o r e c a s t ,  by m e a n s  o f  a  
m u l t i - n a t i o n  e c o n o m i c  m o d e l ,  t h e  r e l a t i o n s h i p s  o f  m u t u a l  
e c o n o m i c  d e p e n d e n c e  among a  number  o f  d i f f e r e n t  c 0 u n t r i e . s  
i n  t h e  A s i a n  r e g i o n  w e r e  p i o n e e r e d  by o n e  o f  t h e  p r e s e n t  
w r i t e r s  t e n  y e a r s  a g o  ( 5 )  ( 6 ) .  
T h e  b a s i c  i d e a  b e h i n d  t h e  m u l t i - n a t i o n  m o d e l  was  t a k e n  
f r o m  t h e  i n d u s t r i a l  i n p u t - o u t p u t  t a b l e  d e v e l o p e d  by P r o f .  
W .  L e o n t i e f  ('). The  p r e s e n t  s y s t e m  m o d e l  i s ,  h o w e v e r ,  
composed  o f  a  much m o r e  c o m p l e x  s y s t e m  s t r u c t u r e .  
I n  d % s c u s s i n g  v a r i o u s  t y p e s  o f  m o d e l s ,  m e n t i o n  s h o u l d  
b e  made o f  t h e  " l i n k  p r o j e c t "  u n d e r t a k e n  i n  r e c e n t  y e a r s  
w i t h  r e s p e c t  t o  m a c r o - e c o n o m i c  m o d e l  f o r  v a r i o u s  c o u n t r i e s .  
R e s e a r c h  o n  " l i n k  p r o j e c t ' '  i s  b e i n g  f u r t h e r e d  b y  v a r i o u s  
p e o p l e  a n d  i s  b a s e d  l a r g e l y  o n  t h e  m e t h o d o l o g y  d e v e l o p e d  
b y  P r o f .  L .  R .  K l e i n  (8). A p a r t  f r o m  t h e s e  p r o j e c t s ,  
P r o f e s s o r s  M e s a r o v i c  a n d  P e s t e l ,  i n  c a r r y i n g  o u t  r e s e a r c h  
o n  a  " w o r l d  m o d e l " ,  h a v e  p r o d u c e d  a  m o d e l  w h i c h  d i v i d e s  
t h e  w o r l d  i n t o  1 0  r e g i o n s ,  w i t h  " s u b - m o d e l s "  f o r  e a c h  
r e g i o n .  H e r e  o n e  s e e s  a n  a t t e m p t  t o  e s t a b l i s h  l i n k s  
t h r o u g h  t h e  f l o w  o f  f o r e i g n  t r a d e  ( ' ) .  A s  a n  a t t e m p t  o f  
a  s i m i l a r  n a t u r e ,  a  s t u d y  i s  c u r r e n t l y  b e i n g  c a r r i e d  o u t  
b y  P r o f .  L e o n t i e f  i n  w h i c h  t h e  w o r l d  i s  d i v i d e d  i n t o  s e v e r a l  
r e g i o n s  w i t h  i n d u s t r i a l  i n p u t - o u t p u t  t a b l e s  f o r  e a c h  r e g i o n  
c o n s t i t u t e d  f r o m  t r a d e - m a t r i c e s .  
T h e  m u l t i - n a t i o n  m o d e l  w h i c h  t h e  p r e s e n t  a u t h o r s  h a v e  
b e e n  r e s e a r c h i n g  h a s  b e e n  d e v e l o p e d  s e p a r a t e l y  f r o m  t h e  
a b o v e - m e n t i o n e d  E u r o p e a n  a n d  A m e r i c a n  s t u d i e s ,  a n d  h a s  n o  
d i r e c t  r e l a t i o n  t o  t h e m .  The  o u t l i n e  o f  t h i s  m o d e l  w a s  
p r e s e n t e d  a t  t h e  I IASA W o r l d  M o d e l l i n g  S y m p o s i u m  i n  O c t o b e r ,  
1 9 7 4 .  a n d  a l s o  a t  t h e  W e s t  B e r l i n  m e e t i n g  o f  t h e  C l u b  o f  
Rome ( l o ) .  The  p r e s e n t  m o d e l  w i l l  b e  t h e  c o r e  o f  a  w o r l d  
e c o n o m i c  m o d e l ,  r e s e a r c h  o n  w h i c h  i s  c u r r e n t l y  b e i n g  
u n d e r t a k e n  j o i b t l y  b y  t h e  p r e s e n t  a u t h o r s .  
T h e  g e o g r a p h i c  s c o p e  o f  t h e  p r e s e n t  s t u d y  h a s  b e e n  
c h o s e n  t o  g i v e  a t t e n t i o n  primarily t o  J a p a n  t o g e t h e r  w i t h  
o t h e f  i n d u s t r i a l l y  a d v a n c e d  c 0 u n t r i e . s  a n d  v a r i o u s  d e v e l o p i n g  
c o u n t r i e s  i n  A s i a .  A s  h a r d l y  n e e d s  p o i n t i n g  o u t ,  t h e  
A s i a n  d e v e l o p i n g  c o u n t r i e s  h a v e  r e l a t i o n s h i p s  o f  e c o n o m i c  
d e p e n d e n c e  n o t  o n l y  w i t h  J a p a n  b u t  a r e  a l s o  i n v o l v e d  i n  
e c o n o m i c  r e l a t i o n s h i p s  t h r o u g h  g o v e r n m e n t a l  a i d ,  p r i v a t e  
o v e r s e a s  i n v e s t m e n t s  a n d  f o r e i g n  t r a d e  i n  w h i c h  t h e  
p a r t n e r s  a r e  m o s t  n o t a b l y  t h e  U n i t e d  S t a t e s ,  C a n a d a ,  A u s t -  
r a l i a ,  a n d  v a r i o u s  E u r o p e a n  n a t i o n s .  A l s o  i n  r e c e n t  y e a r s  
e c o n o m i c  i n f l u e n c e  f r o m  C h i n a  a n d  t h e  S o v i e t  U n i o n  c a n n o t  
b e  i g n o r e d .  I n  r e l a t i o n  t o  t h e  a b o v e  c o n s i d e r a t i o n s ,  o n e  
m i g h t  s a y  t h a t  i t  w o u l d  b e  m o r e  p r a c t i c a l  a n d  r e a l i s t i c  
t o  l o o k  a t  m a t t e r s  c o n c e r n e d  w i t h  t h e  l e s s  d e v e l o p e d  c o u n t r i e s  
o f  A s i a  a s  p a r t  o f  a  m o d e l  d e s i g n e d  o n  a  g l o b a l  l e v e l .  
H o w e v e r  b y  t a k i n g  t h e  l i b e r t y  o f  l e a v i n g  a  d i s c u s s i o n  o f  
r e s e a r c h  d e r i v e d  f r o m  s u c h  a  w o r l d  m o d e l  f o r  a n o t h e r  o c c a s i o n ,  
we h a v e ,  i n  t h i s  s t u d y ,  l i m i t e d  t h e  f o c u s  o f  c o n c e r n  t o  
1 4  d e v e l o p i n g  c o u n t r i e s  ( L D C s ) i n  A s i a  a n d  t h e  1 6  i n d u s t r i a l l y  
a d v a n c e d  n a t i o n s  w h i c h  a r e  m e m b e r s  o f  t h e  D A C  o f  t h e  OECD. 
T h u s  t h e  t o t a l  number  o f  c o u n t r i e s  c o n s i d e r e d  i s  3 0 ,  
a  s i z e  w h i c h  p e r m i t s  r e l a t i v e l y  e a s y  t r e a t m e n t  o f  d a t a  b y  
e l e c t r o n i c  c o m p u t e r  t e c h n i q u e s .  T h e  1 6  i n d u s t r i a l l y  
a d v a n c e d  c o u n t r i e s  a r e  a s  f o l l o w s :  J a p a n ,  A u s t r a l i a ,  
C a n a d a ,  U n i t e d  S t a t e s ,  A u s t r i a ,  B e l g i u m ,  D e n m a r k ,  F r a n c e ,  
W e s t  G e r m a n y ,  I t a l y ,  H o l l a n d ,  N o r w a y ,  P o r t u g a l ,  S w e d e n  
S w i t z e r l a n d ,  a n d  G r e a t  B r i t a i n .  T h e  1 4  d e v e l o p i n g  c o u n t r i e s  
c o n s i d e r e d  a r e :  Burma ,  T a i w a n ,  Hong K o n g ,  I n d i a ,  I n d o n e s i a ,  
I r a n ,  S o u t h  K o r e a ,  M a l a y s i a ,  P a k i s t a n ,  B a n g l a d e s h ,  P h i l i p -  
p i n e s ,  S i n g a p o r e ,  S r i  L a n k a ,  a n d  T h a i l a n d .  
F o r  p u r p o s e s  o f  l i n k i n g  t h e  o n e - n a t i o n  e c o n o m i c  m o d e l s  
f o r  e a c h  o f  t h e  1 6  i n d u s t r i a l l y  a d v a n c e d  a n d  t h e  1 4  d e v e l o p -  
i n g  c o u n t r i e s  i n  s u c h  a  way a s  t o  a n a l y z e  a n d  d e v e l o p  
p e r s p e c t i v e s  o n  t h e  e c o n o m i c  r e l a t i o n s h i p s  b e t w e e n  t h e  two  
g r o u p s ,  t h e  b e s t  m e t h o d  i s  u s e  o f  a  " m u l t i - n a t i o n  m o d e l " .  
T h e  p a r t i c u l a r  " m u l t i - n a t i o n  m o d e l "  u s e d  i n  t h e  p r e s e n t  
s t u d y  i s  a  m a c r o - e c o n o m i c  m o d e l  w i t h  i t s  p r i n c i p a l  v a r i a b l e s  
c o n c e r n e d  w i t h  s u c h  t h i n g s  a s  p r o d u c t i o n ,  c o n s u m p t i o n ,  
i n v e s t m e n t ,  e x p o r t - i m p o r t ,  p r i c e s ,  w a g e s ,  e m p l o y m e n t ,  
o f f i c i a l  d e v e l o p m e n t  a s s i s t a n c e  e t c .  I t  i s  c o m p o s e d  
o f  a  s y s t e m  w i t h  a p p r o x i m a t e l y  3 , 0 0 0  e q u a t i o n s  i n  t o t a l .  
We s h a l l  h e r e  p r o c e e d  w i t h  s o m e  e x p l a n a t i o n s  o f  t h e  
m o d e l .  
The  O u t l i n e  o f  t h e  Model  
The  m u l t i - n a t i o n  m a c r o - e c o n o m i c  m o d e l  u s e d  i n  t h e  
p r e s e n t  s t u d y  i s  c o m p o s e d  o f  s i x  " s u b - s e c t o r s "  a s  f o l l o w s :  
( 1 )  P r o d u c t i o n ;  ( 2 )  E x p e n d i t u r e s  o n  r e a l  g r o s s  d o m e s t i c  
p r o d u c t ;  ( 3 )  P r o f i t s  a n d  w a g e s ;  ( 4 )  P r i c e s ;  ( 5 )  E x p e n d i -  
t u r e s  o n  n o m i n a l  g r o s s  d o m e s t i c  p r o d u c t ;  a n d  ( 6 )  O f f i c i a l  
d e v e l o p m e n t  a s s i s t a n c e  (ODA) a n d  p r i v a t e  o v e r s e a s  i n v e s t -  
m e n t .  
( 1 )  S u b - s e c t o r  R e l a t i n g  t o  P r o d u c t i o n  
F a c t o r s  w h i c h  d e t e r m i n e  t h e  p o t e n t i a l  f o r  r e a l  g r o s s  
d o m e s t i c  p r o d u c t  i n  e a c h  c o u n t r y  a r e  a v a i l a b i l i t y  o f  f i x e d  
c a p i t a l ,  l a b o r  f o r c e ,  a n d  t e c h n i c a l  l e v e l s .  I n  o u r  m o d e l ,  
n u m e r i c a l  v a l u e s  a s s i g n e d  t o  t h e s e  f a c t o r s  a r e  s e t  i n  
t e r m s  o f  t o t a l  d o m e s t i c  p r o d u c t i o n  l e v e l  p e r  e m p l o y e d  w o r k e r ,  
a v a i l a b i l i t y  o f  f i x e d  c a p i t a l  p e r  e m p l o y e d  w o r k e r ,  a n d  
e x p e n d i t u r e s  o n  r e s e a r c h  a n d  d e v e l o p m e n t  p e r  e m p l o y e d  w o r k e r  
( c a l c u l a t e d  a s  t h e  c u m u l a t i v e  t o t a l  o v e r  t h e  l a s t  5  y e a r s ) .  
I t  m u s t  b e  s t r e s s e d ,  h o w e v e r ,  t h a t  t h e s e  f a c t o r s  d e t e r m i n e  
w h a t  o n e  m i g h t  c a l l  e a c h  c o u n t r y ' s  " p o t e n t i a l  s u p p l y  
c a p a c i t y "  o n l y ,  s i n c e  t h e  a c t u a l l y  a c h i e v e d  l e v e l s  o f  
d o m e s t i c  t o t a l  p r o d u c t i o n  a r e  d e t e r m i n e d  a s  a  r e s u l t  o f  
a d d i t i o n a l  r e l a t i o n s h i p s  i n v o l v i n g  t o t a l  demand .  I n  o t h e r  
w o r d s ,  i t  i s  t o  b e  e x p e c t e d  t h a t  t h e s e  a c t u a l  l e v e l s  w i l l  
b e  s u b j e c t  t o  a j u s t m e n t  t h r o u g h  t h e  p r e v a i l i n g  c h a r a c t e -  
r i s t i c s  o f  t h e  g a p  b e t w e e n  s u p p l y  a n d  d e m a n d .  T h u s ,  i n  
o u r  p o d e l ,  i t  i s  t h r o u g h  c o n t r o l l e d  m a n i p u l a t i o n  o f  t o t a l  
s u p p l y  l e v e l s  ( a s  d e t e r m i n e d  b y  p r o d u c t i o n  f u n c t i o n s )  t h r o u g h  
d e m a n d - s u p p l y  a d j u s t m e n t  f a c t o r s  t h a t  s y s t e m s  a r e  i n d u c e d  
f o r  s h o w i n g  a c t u a l  g r o s s  d o m e s t i c  p r o d u c t  d u r i n g  a  g i v e n  
p e r i o d .  I n  o u r  s y s t e m ,  a  " p r o d u c t i o n - o r i e n t e d "  m o d e l  i s  
u s e d  i n  t h e  c a s e  o f  d e v e l o p i n g  c o u n t r i e s  a n d  a  "demand- 
o r i e n t e d "  m o d e l  i s  u s e d  i n  t h e  c a s e  o f  t h e  i n d u s t r i a l l y  
a d v a n c e d  c o u n t r i e s ,  a l t h o u g h  o n e  m i g h t  s a y  i t  i s  a  m o d e l  
which aims at an integration of the two. Now, let us 
inquire about the nature of the system for determining 
the structure of each country's expenditures on real gross 
domestic product. 
(2) Sub-sector Relating to Expenditures on Gross Domestic 
Product at Constant Market Prices 
The major factors determining the expenditures on gross 
domestic product in each country comprise the following: 
exports, imports, private consumption expenditure, govern- 
ment consumption expenditure, investment in plant and 
facilities, investment in housing, and investment in inven- 
tories. 
The most important feature of this multi-nation model 
is the structure of its systemfor determining the imports 
and exports in each country's foreign trade. It is, first 
of all, a system which presupposes each country's economic 
growth to take place not as a completely self-reliant 
process but rather within a framework of relationships 
of mutual dependence given concrete form through foreign 
trade. In the case of industrially advanced countries, the 
flow of trade from country (i) to country (j) may be explainL 
ed in terms of the gross domestic product of the importing 
country (j), the relative price competitiveness of the 
exporting country (i) as expressed in the ratio Pe(i)/Pm(j), 
and the competitiveness ratio Pm(j)/Pw(j) between imports 
and domestic products in the importing country. However, 
with respect to developing countries, it is most often the 
case that imports are restricted not so much by import 
elasticities with respect to income or prices, but rather 
by import capacity as such. In our model, import capacity 
over a given-period is, in the case of developing countries, 
elucidated in relation to the export levels in the previous 
period and terms of trade (Pe/Pm) prevailing in the period. 
A l s o ,  t h e  m o d e l  i s  s o  d e s i g n e d  t h a t  t h e  t o t a l  e x p o r t s  
o f  e a c h  o f  t h e  c o u n t r i e s  c o n s i d e r e d  t h e r e i n  a r e  d i v i d e d  
i n t o  e x p o r t s  g o i n g  t o  t h e s e  c o u n t r i e s  w i t h i n  t h e  e n d o g e n o u s  
a r e a  o f  t h e  m o d e l  a n d  e x p o r t s  g o i n g  t o  t h e  r e s t  o f  t h e  w o r l d .  
T o t a l  i m p o r t s ,  o n  t h e  o t h e r  h a n d ,  a r e  d i v i d e d  i n t o  t h r e e  
p a r t s ,  i . e . ,  t h o s e  c o m i n g  f r o m  c o u n t r i e s  w i t h i n  t h e  
e n d o g e n o u s  s c o p e  o f  t h e  m o d e l ,  t h o s e  c o m i n g  f r o m  t h e  M i d d l e  
E a s t e r n  a n d  A r a b  c o u n t r i e s ,  a n d  t h o s e  c o m i n g  f r o m  o t h e r  
a r e a s ,  t h u s  m a k i n g  p o s s i b l e  a n  a n a l y s i s  o f  t h e  e f f e c t s  o f  
t h e  M i d d l e  E a s t e r n  a n d  A r a b  n a t i o n s '  " o i l  s t r a t e g i e s . "  
E x p e n d i t u r e  o n  p r i v a t e  c o n s u m p t i o n  i s  m o s t l y  e x p l a i n e d  
by  i n c o m e  l e v e l s  a s  i n  t h e  o r d i n a r y  K e y n s i a n  t y p e  m o d e l  i n  
t h e  c a s e  o f  i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s .  H o w e v e r ,  t h e  
s y s t e m  i s  d e s i g n e d  s o  a s  t o  o b t a i n  p r i v a t e  c o n s u m p t i o n  
l e v e l s  i n  t h e  d e v e l o p i n g  c o u n t r i e s  as  r e s i d u a l s .  
E x p e n d i t u r e  o n  g o v e r n m e n t  c o n s u m p t i o n  i s  t a k e n  i n  
t h e  m o d e l  t o  b e  d e p e n d e n t  o n  g o v e r n m e n t a l  r e v e n u e .  
T h e  g r o s s  f i x e d  i n v e s t m e n t  f u n c t i o n s  u s e d  t o  s p e c i f y  
i n v e s t m e n t  i n  p l a n t  a n d  e q u i p m e n t  d i f f e r  as b e t w e e n  t h e  
i n d u s t r i a l l y  a d v a n c e d  a n d  d e v e l o p i n g  c o u n t r i e s .  I n  t h e  
c a s e  o f  t h e i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s ,  t h e s e  f u n c t i o n s  
s p e c i f y  a s e l f - r e g u l a t e d  s o r t  o f  s y s t e m  i n  w h i c h  i n v e s t m e n t  
i n  p l a n t  a n d  e q u i p m e n t  t e n d s  t o  i n c r e a s e  i n  p r o p o r t i o n  t o  
e x p o r t s  a n d  c o r p o r a t e  i n c o m e ,  b u t  t e n d s  t o  f a l l  b a c k  w i t h  
i n c r e a s e 8  i n  p r o p o r t i o n  t o  e x p o r t s  a n d  c o r p o r a t e  i n c o m e ,  
b u t  t e n d s  t o  f a l l  b a c k  w i t h  i n c r e a s e s  i n  i n t e r e s t  r a t e s  
a n d  u n f o r e s e e n  d e m a n d - s u p p l y  i m b a l a n c e s .  H o w e v e r ,  i n  t h e  
c a s e  o f  d e v e l o p i n g  c o u n t r i e s ,  d o m e s t i c  c a p i t a l  f o r m a t i o n  
i s  e l u c i d a t e d  i n  t e r m s  o f  i n c r e a s e s  i n  g r o s s  d o m e s t i c  
p r o d u c t  ( w h i c h  i n d i c a t e  e x p a n s i o n  i n  m a r k e t  s c a l e ) ,  as 
w e l l  a s  t h e  i n f l o w  o f  o f f i c i a l  d e v e l o p m e n t  a i d  a n d  p r i v a t e  
d i r e c t  o v e r s e a s  i n v e s t m e n t s  d u r i n g  a  g i v e n  p e r i o d  a n d  e x p o r t  
l e v e l s  d u r i n g  t h a t  p e r i o d ,  t h e  t w o  l a s t - m e n t i o n e d  f a c t o r s  
b e a r i n g  a n  i n f l u e n c e  i n  r a i s i n g  t h e  c a p a c i t y  f o r  c a p i t a l  
e q u i p m e n t  i m p o r t s  d u r i n g  t h e  s u c c e e d i n g  p e r i o d .  
A p a r t  f r o m  f u n c t i o n s  f o r  i n v e s t m e n t  i n  p l a n t  a n d  
e q u i p m e n t ,  o u r  m o d e l  i n c l u d e s  s e p a r a t e  f u n c t i o n s  f o r  " i n v e s t -  
m e n t  i n  h o u s i n g " .  Due t o  r e s t r i c t i o n s  o n  t h e  a v a i l a b i l i t y  
o f  d a t a ,  t h e s e  f u n c t i o n s  a r e  e m p l o y e d  m a i n l y  w i t h  r e s p e c t  
t o  t h e  i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s  o n l y ,  a l t h o u g h  t h e y  
a r e  a l s o  a p p l i e d  t o  a  p a r t  o f  d e v e l o p i n g  c o u n t r i e s  a s  w e l l ,  
by  way o f  e x c e p t i o n .  
I n v e s t m e n t  i n  i n v e n t o r i e s  i s  e l u c i d a t e d  by  m e a n s  o f  t h e  
commonly u s e d  " a c c e l e r a t i o n  p r i n c i p l e "  a n d  t h e  m e t h o d o l o g y  
i n  t h i s  c a s e  d o e s  n o t  d i f f e r  f r o m  t h a t  u s e d  i n  o r d i n a r y  
e c o n o m e t r i c  m o d e l s .  
T h e  a b o v e  a r e ,  i n  o ~ ~ t l i n e ,  t h e  m a i n  s t r u c t u r a l  f a c t o r s  
r e l a t i n g  t o  e x p e n d i t u r e s  o n  g r o s s  d o m e s t i c  p r o d u c t ,  a s  
t h e y p i n  t u r n ,  d e t e r m i n e  t h e  s t r u c t u r e  o f  t o t a l  f i n a l  demand.  
We h a v e  a l r e a y  r e f e r r e d  t o  t h e  f a c t  t h a t  t h e r e  come i n t o  
p l a y  r e g u l a t o r y  m e c h a n i s m s  f o r  e n s u r i n g  t h a t  " t o t a l  
s u p p l y " ,  a s  i n d u c e d  f r o m  phe p r o d u c t i o n  f u n c t i o n s  p r e v i s o u l y  
l i s t e d ,  b e  i n  b a l a n c e  w i t h  " t o t a l  demand" a s  shown t h r o u g h  
t h e  c o m b i n a t i o n  o f  t h e s e  v a r i o u s  m a i n  f a c t o r s  t h a t  make 
up t h e  demand s t r u c t u r e  i n  t h e  c a s e  o f  i n d u s t r i a l l y  a d v a n c e d  
c o u n t r i e s .  
( 3 )  S u b - s e c t o r  R e l a t i n g  t o  P r o f i t s  a n d  Wages 
We now s h i f t  o u r  a t t e n t i o n  t o  t h e  d i s t r i b u t i o n  a s p e c t .  
The  s y s t e m  f o r  t h e  d i s t r i b u t i o n  o f  t h e  f r u i t s  o f  p r o d u c t i o n ,  
a s  e ~ p r e s s e d  i n  t e r m s  o f  p r o f i t s  a n d  w a g e s ,  i s  a s  f o l l o w s .  
" P r o f i t s , "  h e r e  d e f i n e d  a s  c o r p o r a t e  i n c o m e ,  r i s e  w i t h  
i n c r e a s e s  i n m g r o s s  d o m e s t i c  p r o d u c t ,  b u t  a r e  l o w e r e d  by  
i n c r e a s e s  i n  i n t e r e s t  r a t e s .  On t h e  o t h e r  h a n d  "wages"  
( h e r e ,  n o m i n a l  w a g e s )  t e n d  t o  r i s e  w i t h  i n c r e a s e s  i n  a c t u a l  
l a b o r  p r o d u c t i v i t y  a n d  i n c r e a s e s  i n  c o n s u m e r  p r i c e s ,  b u t  
t h e  s y s t e m  s t r u c t u r e  p r e s u p p o s e s  t h a t  s u c h  wage r i s e s  w i l l  
t e n d  t o  b e  h e l d  back  b y  any i n c r e a s e  i n  t h e  number o f  
unemployed.  
( 4 )  S u b - s e c t o r  R e l a t i n g  t o  p r i c e s  
The s y s t e m  s t r u c t u r e  f o r  d e t e r m i n i n g  p r i c e s  i s  more 
complex .  T h i s  i s  b e c a u s e  t h e r e  i s  n o t  j u s t  one  t y p e  o f  
p r i c e  i n v o l v e d ,  b u t  s e v e r a l .  Account  mus t  b e  t a k e n  o f  
w h o l e s a l e  p r i c e s ,  c o n s u m e r ' s  p r i c e s ,  c a p i t a l  equ ipmkn t  
p r i c e s ,  e x p o r t  and i m p o r t  p r i c e s ,  a s  w e l l  a s  t h e  i m p l i c i t  
d e f l a t e r  o f  G D P ,  which  cou ld  a l s o  b e  r e a s o n a b l y  c a l l e d  one 
s o r t  o f  " o v e r a l l  p r i c e  i n d e x . "  
F i r s t l y .  w h o l e s a l e  p r i c e s  a r e  a f f e c t e d  b y  a  number o f  
f a c t o r s ,  i n c l u d i n g  wage c o s t  p r e s s u r e  ( t h e  p r e s s u r e  t o  push 
up p r i c e s  i n  r e s p o n s e  t o  i n c r e a s e s  i n  l a b o r  p r o d u c t i v i t y ) ,  
t h e  i n f l u e n c e  o f  i m p o r t  p r i c e s ,  t h e  G D P  d e f l a t e r  ( r a t i o  
o f  nomina l  t o  r e a l  g r o s s  d o m e s t i c  p r o d u c t ) ,  and t h e  i n d e x  
o f  c u r r e n c y  t u r n o v e r  w i t h  r e s p e c t  t o  r e a l  income ( r a t i o  
o f  i n d e x  o f  t o t a l  money s u p p l y  t o  i n d e x  o f  r e a l  g r o s s  
d o m e s t i c  produc t ) .  . 
Consumer ' s  p r i c e s  a r e  i n f l u e n c e d  by  s u c h  f a c t o r s  a s  wage 
l e v e l s  d u r i n g  t h e  c u r r e n t  p e r i o d ,  a s  w e l l  a s  by  w h o l e s a l e  
and i m p o r t  p r i c e s  i n  a d d i t i o n  t o  t h e  c u r r e n c y  t u r n o v e r  
i n d e x  d u r i n g  t h e  p r e c e d i n g  p e r i o d .  P r i c e s  f o r  m a t e r i a l s  
used  i n  c a p i t a l  i n v e s t m e n t s  i n  p l a n t  and f a c i l i t i e s  a r e  
a f f e c f e d  b y  i n v e s t m e n t  r a t i o s  ( p r o p o r t i o n  o f  g r o s s  d o m e s t i c  
produc t  go ing  i n t o  c a p i t a l  i n v e s t m e n t  i n  p l a n t  and f a c i l i t i e s ) ,  
a s  w e l l  a s  b y  movements i n  w h o l e s a l e  p r i c e s  o v e r  t h e  c u r r e n t  
p e r i o d .  
P r i c e s  6 f  m a t e r i a l s  f o r  i n v e s t m e n t  I n  h o u s i n g ,  i n  t h e  
same way a s  p r i c e s  f o r  c a p i t a l  equ ipmen t  t o  b e  i n v e s t e d  
a s  p l a n t  and f a c i l i t i e s ,  a r e  s t r o n g l y  i n f l u e n c e d  b y  wage 
l e v e l s .  
T h e  p r i c e  s t r u c t u r e  m e c h a n i s m s  o p e r a t i v e  w i t h  r e s p e c t  
t o  e x p o r t  p r i c e s  a r e  d i f f e r e n t  f o r  t h e  i n d u s t r i a l l y  
a d v a n c e d  c o u n t r i e s ,  t h e  member c o u n t r i e s  o f  OPEC, a n d  t h e  
g r o u p  o f  o t h e r  d e v e l o p i n g  c o u n t r i e s ,  r e s p e c t i v e l y .  Need- 
l e s s  t o  s a y ,  t h e  p e t r o l e u m  e x p o r t  p r i c e s  e n j o y e d  by t h e  
OPEC c o u n t r i e s  a r e  d e t e r m i n e d  n o t  s o  much by a n y  " m a r k e t  
mechanism"  a s  s u c h ,  b u t  r a t h e r  t h r o u g h  t h e  o p e r a t i o n  o f  
a n  a r t i f i c i a l l y  c o n c e i v e d  c a r t e l .  On t h e  o t h e r  hand, export  p r i c e s  
of t h e  i n d u s t r i a l l y  advanded c o u n t r i e s  a r e  d e t e r m i n e d  u n d e r  
t h e  i n f l u e n c e  o f  n u m e r o u s  a n d  v a r i e d  f a c t o r s ,  i n c l u d i n g  
d o m e s t i c  w h o l e s a l e  p r i c e s  d u r i n g  t h e  p r e c e d i n g  t e r m ,  t h e  
GDP d e f l a t e r ,  t h e  s t a t e  o f  i n t e r n a t i o n a l  l i q u i d i t y ,  a n d  
i m p o r t  p r i c e  m o v e m e n t s .  E x p o r t  p r i c e s  i n  t h o s e  d e v e l o p i n g  
c o u n t r i e s  w h i c h  a r e  i n t e g r a t e d  i n t o  t h e  f r a m e w o r k  o f  m a r k e t  
m e c h a n i s m s  p r e v a i l i n g  i n  t h e  w o r l d  economy e x h i b i t  t h e  same 
s e n s i t i v i t i e s .  
I m p o r t  p r i c e s  i n  e a c h  c o u n t r y  a r e  c a l c u l a t e d  o n  a  
w e i g h t e d  a v e r a g e  b a s i s ,  t a k i n g  i n t o  a c c o u n t  t h e  r e l a t i v e  
q u a n t i t i e s  a n d  p r i c e s  o f  i m p o r t s  f r o m  v a r i o u s  r e g i o n s  a n d  
i n d i v i d u a l  c o u n t r i e s .  One o f  t h e  b e s t  a n d  m o s t  u s e f u l  
f e a t u r e s  o f  t h e  m u l t i - n a t i o n  m o d e l  i s  i t s  m e c h a n i s m  f o r  
d e t e r m i n i n g  t h e s e  i m p o r t  p r i c e s ,  a n d  t h r o u g h  u s e  o f  t h e  
m o d e l  o n e  may g a i n  a n  u n d e r s t a n d i n g  o f  t h e  m e c h a n i s m s  b y  
w h i c h  i n f l a t i o n  d u e  t o  i n c r e a s e s  i n  t h e  p r i c e  o f  0 5 1  i s  
p r o p a g a t e d  o n  a n  i n t e r n a t i o n a l  s c a l e .  
( 5 )  S u b - s e c t o r  R e l a t i n g  t o  S t r u c t u r e  o f  E x p e n d i t u r e s  on 
G r o s s  D o m e s t i c  P r o d u c t  a t  C u r r e n t  M a r k e t  P r i c e s  
Once t h e  v a r i o u s  p r i c e s  o f  t ; . a  c o c s t i t u e n t  f a c t o r s  
r e l a t i n g  t o  e x p e n d i t u r e s  o n  g r o s s  d o m e s t i c  p r o d u c t  i n  e a c h  
c o u n t r y  h a v e  b e e n  d e t e r m i n e d ,  t h e  c o n s t i t u e n t  f a c t o r s  
r e l a t i n g  may b e  m e c h a n i c a l i y  d e d u c e d  t h e r e f r o m .  By a d d i n g  
t o g e t h e r  a l l  t h e s e  s t r u c t u r a l  f a c t o r s ,  o n e  a r r i v e s  a t  a  
c a l c u l a t i o n  o f  t h e  n o m i n a l  g r a s s  d o m e s t i c  p r o d u c t  o v e r  a  
g i v e n  p e r i o d  o f  t i m e .  The GDP d e f l a t e r  may b e  d e d u c e d  f r o m  
t h e  two k e y  v a l u e s  d e t e r m i n e d  f o r  t h e  n o m i n a l  a n d  r e a l  
g r o s s  d o m e s t i c  p r o d u c t ,  r e s p e c t i v e l y .  
J 6 )  S u b - s e c t o r  R e l a t i n g  t o  O f f i c i a l  D e v e l o p m e n t  Aid  a n d  
P r i v a t e  O v e r s e a s  I n v e s t m e n t  
I n  t h e  p r e s e n t  m o d e l ,  t h e  p l a n n e d  t a r g e t  f o r  " o f f i c i a l  
d e v e l o p m e n t  a s s i s t a n c e "  (ODA) f r o m  t h e  i n d u s t r i a l l y  a d v a n c e d  
t o  t h e  d e v e l o p i n g  c o u n t r i e s  i s  e x p r e s s e d  i n  t e r m s  o f  c e r t a i n  
p e r c e n t a g e s  o f  t h e  g r o s s  d o m e s t i c  p r o d u c t s  o f  t h e  c o u n t r i i s  
o f  t h e  f o r m e r  g r o u p .  The sum o f  t h e  o f f i c i a l  d e v e l o p m e n t  
a s s i s t a n c e  f r o m  t h e  i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s  i s  t h e n  
d i s t r i b u t e d  among t h e  d e v e l o p i n g  c o u n t r i e s  a c c o r d i n g  t o  
c e r t a i n  t e m p o r a r i l y  f i x e d  r a t i o s  w h i c h  a r e  l i k e w i s e  t h o u g h t  
o f  a s  e x o g e n o u s  " p o l i c y  p a r a m e t e r s "  s e t  f o r  t h e  s a k e  o f  
o f f i c i a l  i n t e r g o v e r n m e n t a l  p o l i c y  c o n s i d e r a t i o n s .  
T h e  f l o w  o f  p r i v a t e  o v e r s e a s  i n v e s t m e n t s  f r o m  t h e  
i n d u s t r i a l l y  a d v a n c e d  t o  t h e  d e v e l o p i n g  c o u n t r i e s  i s  a l a o  
t r e a t e d  i n  t e r m s  o f  c e r t a i n  p e r c e n t a g e s  o f  GDP, b u t  t h e s e  
r a t i o s  a r e  t h o u g h t  o f  a s  e x o g e n o u s  c o n t r o l l a b l e  p a r a m e t e r s ,  
w h i c h  a r e  r e l a t i v e l y  s u b j e c t  t o  m a n i p u l a t i o n  a n d  c h a n g e  
w i t h i n  t h e  m o d e l  s t r u c t u r e .  The  same c o n s i d e r a t i o n s  h o l d  
f o r  t h e  d i s t r i b u t i o n  r a t i o s  r e s p e c t i n g  p r i v a t e  o v e r s e a s  
i n v e s t m e n t s  f r o m  t h e  i n d u s t r i a l l y  a d v a n c e d  t o  t h e  d e v e l o p i n g  
c o u n t r i e s .  
I n  t h e  p r e s e n t  m o d e l ,  w h i l e  i n c r e a s e s  i n  o f f i c i a l  
d e v e l o p m e n t  a s s i s t a n c e  a n d  p r i v a t e  o v e r s e a s  i n v e s t m e n t  a r e  
d e p e n d e n t  p r i m a r i l y  o n  i n c o m e  l e v e l s  i n  t h e  i n d u s t r i a l l y  
a d v a n c e d  c o u n t r i e s ,  i t  i s  e x p e c t e d  t h a t  i n  t h i s  way a n y  
s u c h  i n c r e a s e s  a r e ,  c o n v e r s e l y ,  c a p a b l e  o f  p l a y i n g  a  u s e f u l  
r o l e  w i t h  r e s p e c t  t o  d e v e l o p i n g  c o u n t r i e s  by  m a k i n g  a n  
a d d i t i o n  o f  e x t r a  p r o d u c t i o n  f a c t o r s  a c t i n g  t o  b e n e f i t  
w h a t e v e r  p o s i t i v e  e f f o r t s  a r e  b e i n g  u n d e r t a k e n  by  e a c h  o f  
t h e  l a t t e r  c o u n t r i e s  w i t h  a  v i e w  t o  i n c r e a s i n g  t h e i r  own 
i n c o m e .  T h u s ,  o f f i c i a l  d e v e l o p m e n t  a s s i s t a n c e  a n d  p r i v a t e  
o v e r s e a s  i n v e s t m e n t ,  t o g e t h e r  w i t h  f o r e i g n  t r a d e ,  f o r m  a n  
i m p o r t a n t  l i n k  i n  t h e  i n t e r d e p e n d e n t  r e l a t i o n s h i p s  b e t w e e n  
t h e  i n d u s t r i a l l y  a d v a n c e d  a n d  t h e  d e v e l o p i n g  c o u n t r i e s .  
F o r e c a s t  S c e n a r i o s  a n d  D i s c u s s i o n  o f  R e s u l t s  O b t a i n e d  
U s i n g  t h e  m u l t i - n a t i o n  m a c r o - e c o n o m i c  m o d e l  a s  e x p l a i n e d  
a b o v e ,  we h a v e  made a  f o r e c a s t  o f  t h e  e c o n o m i c  r e l a t i o n s h i p s  
b e t w e e n  t h e  1 6  D A C  members  o f  t h e  OECD a n d  t h e  1 4  d e v e l o p i n g  
c o u n t r i e s  o f  A s i a ,  t a k i n g  1 9 7 0  a s  t h e  b a s e  y e a r  a n d  1 9 8 5  
as t h e  t a r g e t  y e a r  f o r  t h e  p r e s e n t  s t u d y .  
We c a r r i e d  o u t  o u r  a n a l y s i s  o n w h a t  s e e m e d  t o  b e  t h e  
m o s t  l i k e l y  s c e n a r i o ,  a l t h o u g h  i t  m u s t  b e  a d m i t t e d ,  o f  c o u r s e ,  
t h a t  t h e  f o r e c a s t  r e s u l t s  a r e  s u b j e c t  t o  i n f l u e n c e  by  
p o s s i b l e  u n a n t i c i p a t e d  c h a n g e s  i n  s u c h  " e x o g e n o u s  v a r i a b l e s " ,  
a s  t h e  p r i c e  o f  o i l ,  e a c h  c o u n t r y ' s  i n t e r e s t  r a t e ,  money 
s u p p l y ,  e t c .  a s  w e l l  a s  by  c h a n g e s  i n  a i d - r e l a t e d  p o l i c y  
p a r a m e t e r s  ( e . g . ,  r a t i o  o f  o f f i c i a l  a i d  t o  GDP, r a t i o s  o f  
a i d  a p p o r t i o n m e n t ,  e t c . ) .  
W h i l e  t h e  a c t u a l  movement  i n  o i l  p r i c e s  i s  known f r o m  
1 9 7 0  t h r o u g h  1 9 7 4 ,  p r i c e s  f r o m  1 9 7 5  o n w a r d  w e r e  s e t ,  f o r  
p u r p o s e s  o f  t h e  m o d e l ,  a t  t h e  s a m e  l e v e l s  p r e v a i l i n g  i n  
1 9 7 4 .  From t h e  f o r e c a s t  r e s u l t s ,  o n e  may see how t h e  
a p p r o x i m a t e l y  4 - f o l d  r i s e  i n  t h e  p r i c e  o f  o i l  b e t w e e n  1 9 7 3  
a n d  1 9 7 4  a c t s  t o  p u s h  u p  e a c h  c o u n t r y ' s  i m p o r t  p r i c e s ,  w i t h  
t h e  f u r t h e r  e f f e c t s  o f  c a u s i n g  a  w o r s e n i n g i n m a n y  c o u n t r i e s '  
i n t e r n a t i o n a l  b a l a n c e  o f  p a y m e n t s  a n d  i n f l u e n c i n g  w h o l e s a l e  
a n d  c o n s u m e r ' s  p r i c e s ,  t h u s  a c c e l e r a t i n g  i n f l a t i o n .  
I n  t h e  e f f o r t  t o  c o p e  w i t h  i n f l a t i o n ,  e a c h  c o u n t r y  
c o n s i d e r e d  i h  o u r  m o d e l  h a s  i n  t h e  p e r i o d  f r o m  1 9 7 3  t o  1 9 7 4  
r a i s e d  i n t e r e s t  r a t e s  a n d  r e d u c e d m o n e y  s u p p l y ,  w i t h  t h e  
r e s u l t  t h a t  g r o w t h  i n  GDP a n d  c a p i t a l  i n v e s t m e n t  i n  t h e  
m a j o r  i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s  c o n s i d e r e d  i n  o u r  
m o d e l  h a s  i n  e v e r y  c a s e  r e g i s t e r e d  " z e r o "  o r  " m i n u s "  v a l u e s .  
A c c o r d i n g  t o  o u r  f o r e c a s t  r e s u l t s ,  b e g i n n i n g  i n  1 9 7 6  e c o n o m i c  
g r o w t h  i n  t h e  m a j o r  i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s  i s  
e x p e c t e d  t o  r e t u r n  t o  a  p a t h  o f  r e c o v e r y .  
I f  o i l  p r i c e s  c a n  b e  s t a b i l i z e d ,  e a c h  c o u n t r y  c a n  
p r o c e e d  i n  t h e  d i r e c t i o n  o f  d a m p e n i n g  i n f l a t i o n ,  b u t  t h i s  
i n  i t s e l f  d o e s  n o t  mean t h a t  p r e s s u r e s  f o r  p r i c e  r i s e s  c a n  
b e  w h o l l y  s t o p p e d  b y  s u c h  a  d e v e l o p m e n t .  Our  f o r e c a s t  
r e s u l t s  a l s o  s h o w ,  i n  t h i s  c o n n e c t i o n ,  t h a t  p r e s s u r e s  f o r  
p r i c e  i n c r e a s e s ,  a c c e l e r a t e d  b y  t h e  " o i l  s h o c k , ' '  w i l l ,  
a s  a  r e s u l t  o f  o i l  p r i c e  s t a b i l i ~ a t i o n ~ m e r e l y  b e l e s s e n e d .  
I t  w a s  e s t i m a t e d  i n  t h e  m o d e l  t h a t ,  h a d  i t  n o t  b e e n  
f o r  t h e  " o i l  s h o c k , "  J a p a n ' s  a v e r a g e  y e a r l y  g r o w t h  i n  G D P  
f o r  t h e  p e r i o d  1 9 7 0 - 1 9 8 5  w o u l d  h a v e  b e e n  a p p r o x i m a t e l y  9 %  
i n  r e a l  t e r m s .  H o w e v e r ,  s i n c e  m i n u s  o r  z e r o  g r o w t h  r a t e s  
a r e  c o n t i n u i n g  f r o m  1 9 7 4  i n t o  1 9 7 5 ,  a s  a  r e s u l t  o f  t h e  w o r l d  
e c o n o m i c  s l u m p  a r i s i n g  f r o m  t h e  " o i l  s h o c k , "  a v e r a g e  y e a r l y  
g r o w t h  r a t e  f o r  t h e  p e r i o d  1 9 7 0 - 1 9 8 5  w i l l  n o t ,  a c c o r d i n g  t o  
o u r  modelr .s  f o r e c a s t  r e s u l t s ,  h a r d l y  e x c e e d  7 % ,  e v e n  when  
o n e  g r a n t s  t h a t  t h e  economy i s  e x p e c t e d  t o  r e t u r n  t o  a  p a t h  
o f  r e c o v e r y  a f t e r  1 9 7 6 .  
From t h e  f o r e c a s t  r e s u l t s  i t  may b e  s e e n  w h a t  s o r t  o f  
i m p a c t  t h i s  s l o w i n g  down i n  J a p a n ' s  g r o w t h  r a t e  o v e r  t h e  
p e r i o d  1 9 7 0 - 1 9 8 5  i s  e x p e c t e d  t o  p r o d u c e  w i t h  r e s p e c t  t o  
t h e  e c o n o m i c  d e v e l o p m e n t  o f  d e v e l o p i n g  c o u n t r i e s  i n  A s i a .  
A c c o ~ d i n g  t o  t h e  f o r e c a s t ,  t h e  s l o w d o w n  i n  J a p a n ' s  e c o n o m i c  
g r o w t h  i s  e x p e c t e d  t o  r e l a y  a  c o n s i d e r a b l e  i m p a c t  t o  t h e  
d e v e l o p i n g  c o u n t r i e s  o f  A s i a  a s  a  r e s u l t  o f  r e l a t i v e  d e c r e a s e s  
i n  o f f i c i a l  d e v e l o p m e n t  a s s i s t a n c e  a n d  p r i v a t e  o v e r s e a s  
i n v e s t m e n t .  
T h e  s t r o n g e s t  i m p a c t  i s  r e c e i v e d  i n  t h e  E a s t  A s i a  a r e a  
by  S o u t h  K o r e a ,  T a i w a n  a n d  Hong Kong ,  a l l  o f  w h i c h  h a v e  c l o s e  
e c o n o m i c  r e l a t i o n s  w i t h  J a p a n ,  t h e  U n i t e d  S t a t e s  a n d  t h e  
o t h e r  D A C  c o u n t r i e s .  A c a s e  i n  p o i n t  i s  t h e  p r o c e s s  b y  
w h i c h  t h e  D A C  c o u n t r i e s '  m i n u s  o r  z e r o  e c o n o m i c  g r o w t h  i n  
1 9 7 4  a n d  1 9 7 5  s e e m s  t o  h a v e  b e e n  i n f l u e n t i a l  i n  p r o d u c i n g  
a n  i m p a c t  on  t h e  S o u t h  K o r e a n  economy s u f f i c i e n t  t o  b r i n g  
down t h e  g r o w t h  r a t e  o f  t h e  l a t t e r  t o  h a l f  i t s  n o r m a l  
l e v e l .  H o w e v e r ,  S o u t h  K o r e a n  e c o n o m i c  r e c o v e r y  h a 8  b e e n  
r a p i d  a n d  i t  i s  e x p e c t e d  t h a t  a  y e a r l y  a v e r a g e  g r o w t h  r a t e  
o f  m o r e  t h a n  8 %  i n  r e a l  t e r m s  c a n  b e  m a i n t a i n e d  o v e r  t h e  
p e r i o d  1 9 7 5 - 1 9 8 5 .  H o w e v e r ,  a s  a  c o u n t e r v a i l i n g  a s p e c t  o f  
t h e  h i g h  g r o w t h  p o t e n t i a l  o f  t h e  S o u t h K o r e a n  e c o n o m y ,  o n e  
m u s t  r e c o g n i z e  t h e  f a c t  t h a t  t h i s  h i g h  g r o w t h  r a t e  h a s  
b r o u g h t  a b o u t  a  s e r i o u s  d e f i c i t  i n  t h a t  c o u n t r y ' s  i n t e r n a -  
t i o n a l  b a l a n c e  o f  p a y m e n t s ,  m a k i n g  i t  e v e n  m o r e  d e p e n d e n t  o n  
t h e  f i n a n c i a l  f l o w  f r o m  t h e  i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s ,  
f r o m  i n t e r n a t i o n a l  b o d i e s ,  a s  p o s s i b l y  f r o m  o i l - p r o d u c i n g  
A r a b  a n d  M i d d l e  E a s t e r n  c o u n t r i e s  a s  w e l l .  I n  t h i s  r e s p e c t ,  
t h e  w o r l d  s l u m p  a r i s i n g  f r o m  t h e  " o i l  s h o c k "  may b e  e x p e c t e d  
t o  h a v e  r e s u l t s  w h i c h  t e n d  t o  o b l i g e  t h e  S o u t h  K o r e a n  
e c o n o m y ,  a t  t h e  t i m e  i t  i s  e n g a g e d  i n  e f f o r t s  t o w a r d  s e l f -  
s u s t a i n i n g  e c o n o m i c  g r o w t h ,  t o  a s s u m e  a  l a r g e r  d e b t  b u r d e n .  
T h e  r e g i o n  r e c e i v i n g  t h e  s e c o n d  g r e a t e s t  i m p a c t  ( s u s t a i n -  
i n g  g r o w t h  a f t e r  t h e  E a s t  A s i a  r e g i o n )  f r o m  t h e  d e c r e a s e  i n  
t h e  D A C  c o u n t r i e s '  e c o n o m i c  g r o w t h  r a t e  is t h e  S o u t h e a s t  
A s i a  r e g i o n .  S i n c e  v a r i o u s  c o u n t r i e s  o f  t h e  r e g i o n  ( P h i l i p -  
p i n e s ,  T h a i l a n d ,  M a l a y s i a ,  S i n g a p o r e ,  I n d o n e s i a ,  e t c . )  r e l y  
h e a v i l y  o n  J a p a n ,  U n i t e d  S t a t e s  a n d  t h e  o t h e r  D A C  c o u n t r i e s  
f o r  m a r k e t i n g  t h e i r  e x p o r t s ,  a  " s y s t e m  s t r u c t u r e "  comes  i n t o  
b e i n g  u n d e r  w h i c h  t h e s e  c o u n t r i e s ,  t o  a  g r e a t e r  o r  l e s s e r  
e x t e n t ,  r e c e i v e  a n  i m p a c t  f r o m  r e d u c t i o n s  i n  t h e  D A C  
c o u n t r i e s ,  i n  p a r t i c u l a r ,  J a p a n ' s  i m p o r t s .  H o w e v e r ,  i n  t h e  
c a s e  o f  I n d o n e s i a ,  i t  h a s  b e e n  o b s e r v e d  t h a t  t h i s  c o u n t r y ' s  
d o m e s t i c  e c o n o m i c  d e v e l o p m e n t  i s  n o t  s o  g r e a t l y  a f f e c t e d  
by  e x p o r t  m o v e m e n t s ,  a n d  s i n c e  t h e  r e l a t i v e  w e i g h t  o f  I n d o n e s i a  
w i t h i n  t h e  economy o f  t h e  S o u t h e a s t  A s i a  r e g i o n  a s  a  w h o l e  
i s  h i g h ,  t h e  i n f l u e n c e  o f  e c o n o m i c  s lowdown o f  Japan and 
t h e  U n i t e d  S t a t e s ,  when s e e n  i n  t e r m s  o f  s t a t i s t i c s  f o r  
t h e  w h o l e  S o u t h e a s t  A s i a  r e g i o n ,  a p p e a r s  t o  be  c o n s i d e r a b l y  
l o w e r  t h a n  w i t h  r e s p e c t  t o  t h e  E a s t  A s i a  r e g i o n .  On t h e  
o t h e r  h a n d ,  t h e  g rowth  r a t e s  o f  M a l a y s i a  and S i n g a p o r e  
a r e  v e r y  s e n s i t i v e  t o  e x p o r t  m o v e m e n t s ,  and i n  t h e  c a s e  
o f  t h e  P h i l i p p i n e s  and T h a i l a n d ,  whose  f o r e i g n  t r a d e  r e l i e s  
h e a v i l y  on Japan  a s  a  t r a d i n g  p a r t n e r ,  d e c r e a s e s  i n  J a p a n ' s  
' I m p o r t s  o f d c o u r s e  h a v e  a  s t r o n g  i n f l u e n c e  o n  t h e s e  
c o u n t r i e s '  i n t e r n a t i o n a l  b a l a n c e  o f  p a y m e n t s .  
I n  t h e  S o u t h  A s i a  r e g i o n ,  whose  r e l a t i o n s h i p s  o f  e conomic  
r e l i a n c e  on  Japan  a r e  r e l a t i v e l y  w e a k ,  t h e  i n f l u e n c e  f r o m  
t h e  s lowdown i n  J a p a n ' s  economy i s  n o t  s o  s t r o n g l y  f e l t .  
T r e n d s  f o r  t h e  r e g i o n  a s  a  w h o l e  a r e  g r e a t l y  i n f l u e n c e d  b y  
w h a t e v e r  t r e n d s  p r e v a i l  i n  I n d i a ,  and i t  s h o u l d  b e  m e n t i o n e d  
i n  t h i s  r e g a r d  t h a t  I n d i a  h a s  a  l o w  d e g r e e  o f  e c o n o m i c  
r e l i a n c e  on t h e  i n d u s t r i a l l y  advanced  c o u n t r i e s  s u c h  a s  
Japan and t h e  U n i t e d  S t a t e s .  I n  c o n s i d e r i n g  t h e  r e a s o n s  
f o r  I n d i a ' s  e c o n o m i c  d i f f i c u l t i e s ,  p u r e l y  d o m e s t i c  f a c t o r s  
- - f o r  e x a m p l e ,  t h e  s t a g n a t i o n  i n  d o m e s t i c  t o t a l -  p r o d u c t i o n  
l i n k e d  t o  a g r i c u l t u r a l  s e t b a c k s - - t a k e  on  f a r  more i m p o r t a n c e .  
I t  i s  e x p e c t e d  t h a t  t h e  r e l a t i o n s h i p s  o f  e c o n o m i c  
d e p e n d e n c e  w i t h  r e s p e c t  t o  Japan and t h e  o t h e r  i n d u s t r i a l l y  
advanced  c o u n t r i e s  o n  t h e  p a r t  o f  t h e  A s i a n  d e v e l o p i n g  
c 0 u n t r i e . s  w i l l ,  compared t o  t h e  d e c a d e  o f  t h e  1 9 6 0 t s ,  become 
e v e n  s t r o n g e r  i n  t h e  f u t u r e .  The  g rowth  o f  s u c h  r e l a t i o n -  
s h i p s  o f  e conomic  d e p e n d e n c e  w i t h  r e s p e c t  t o  t h e  i n d u s t r i a l l y  
advanced  c o u n t r i e s  on  t h e  p a r t  o f  d e v e l o p i n g  c o u n t r i e s  i n  
A s i a  p r e s e n t s  a  number o f  i m p o r t a n t  p r o b l e m s  f o r  o u r  c o n s i -  
d e r a t i o n .  
F i r s t l y ;  t h e r e  i s  t h e  m a t t e r  o f  t h e  i n c r e a s e  i n  what  
m i g h t  b e  c a l l e d  t h e  " i n t e r n a t i o n a l  p o l i c y - r e l a t e d  r e s p o n s i -  
b i l i t i e s "  o f  t h e  i n d u s t r i a l l y  advanced  c o u n t r i e s '  e c o n o m i c  
g r o w t h .  F o r  i f  t h e  i n d u s t r i a l l y  a d v a n c e d  m a r k e t  economy 
s h o u l d  c o n t i n u e  t o  h a v e  a n  e x c e s ' s i v e l y  l o w  r a t e  o f  g r o w t h ,  
t h i s  s lowdown i n  g r o w t h  w o u l d ,  t h r o u g h  t h e  m e c h a n i s m s  o f  
a  s lowdown i n  i m p o r t s  a n d  a  s lowdown i n  t h e  tempo o f  o n g o i n g  
o f f i c i a l  d e v e l o p m e n t  a i d  a n d  p r i v a t e  o v e r s e a s  i n v e s t m e n t s ,  
a c t  t o  c a u s e  b o t h  i n c r e a s e d  i n s t a b i l i t y  i n  t h e  A s i a n  d e v e l o p -  
i n g  c o u n t r i e s '  i n t e r n a t i o n a l  b a l a n c e  o f  p a y m e n t s  a n d  a l s o  
a l o w e r e d  tempo o f  e c o n o m i c  g r o w t h  i n  t h e s e  c o u n t r i e s .  
On t h e  o t h e r  h a n d ,  s h o u l d  a n  e x c e s s i v e l y  h i g h  r a t e  o f  
g r o w t h  ( h i g h e r  t h a n  t h e  r e a l  p o t e n t i a l  f o r  p r o d u c t i v i t y  
i n c r e a s e s )  c o n t i n u e  o v e r  a n y  e x t e n d e d  p e r i o d  o f  t i m e ,  t h i s  
w o u l d  m e r e l y  a g g r a v a t e  t h e  p r o b l e m  o f  t h e  p r o p a g a t i o n  o f  
i n f l a t i o n  f r o m  o n e  c o u n t r y  t o  a n o t h e r .  I n f l a t i o n  i n  t h e  
i n d u s t r i a l l y  a d v n a c e d  c o u n t r i e s ,  b y  r a i s i n g  t h e  p r i c e s  o f  
e x p o r t s ,  n e c e s s a r i l y  p u s h e s  up  t h e  p r i c e s  o f  i m p o r t s  i n  
t h e  d e v e l o p i n g  c o u n t r i e s  o f  A s i a ,  a c c e l e r a t i n g  i n f l a t i o n  
i n  t h e  l a t t e r .  I n  t h i s  c o n n e c t i o n ,  r i s e s  i n  t h e  i n d u s t r i a l -  
l y  a d v a n c e d  c o u n t r i e s '  e x p o r t  p r i c e s  a l s o  t e n d  t o  w o r s e n  
t h e  t e r m s  o f  t r a d e  f o r  t h e  d e v e l o p i n g  c o u n t r i e s  o f  A s i a .  
I f  t h e  e c o n o m i e s  o f  J a p a n ,  t h e  U n i t e d  S t a t e s  a n d  t h e  
o t h e r  D A C  c o u n t r i e s  w e r e  t o  g row i n  s u c h  a  way a s  t o  b e  
a c c o m p a n i e d  by s e v e r e  a n d  r e p e a t e d  s w i n g s  b a c k  a n d  f o r t h  
b e t w e e n  t h e  e x t r e m e s  o f  e x c e s s i v e l y  l o w  a n d  e x c e s s i v e l y  
h i g h  g r o w t h  r a t e s ,  t h i s  w o u l d  n o  d o u b t  b r i n g  d i f f i c u l t i e s  
t o  t h e  d e v e l o p i n g  c o u n t r i e s  o f  A s i a ,  a n d  m o s t  e s p e c i a l l y  
t o  t h o s e  i n  t h e  E a s t  A s i a  r e g i o n ,  a s  t h e y  a t t e m p t  t o  m e e t  
t h e  t a r g e t s  s e t  i n  t h e i r  own d e v e l o p m e n t  p l a n s  f o r  t h e  
a c h i e v e m e n t  o f  s u s t a i n e d  e c o n o m i c  g o r w t h .  The r e s p o n s i -  
b i l i t i e s  b o r n e  by  J a p a n ,  t h e  U n i t e d  S t a t e s  a n d  t h e  o t h e r  
i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s ,  e c o n o m i c  g r o w t h  a r e ,  i n  
t h i s  r e s p e c t ,  l a r g e .  
S e c o n d l y ,  t h e  i n c r e a s e  i n  t h e  d e g r e e  o f  e c o n o m i c  
d e p e n d e n c e  w i t h  r e s p e c t  t o  t h e  i n d u s t r i a l l y  a d v a n c e d  c o u n t -  
r i e s ,  i n  p a r t i c u l a r ,  J a p a n  on t h e  p a r t  o f  t h e  d e v e l o p i n g  
c o u n t r i e s  o f  A s i a  may p o s s i b l y  g i v e  r i s e  t o  f u r t h e r  p s y c h o l o -  
g i c a l  a n d  p o l i t i c a l  f r i c t i o n s  g o i n g  b e y o n d  t h e  r e a l m  o f  
e c o n o m i c s  a s  s u c h .  I n  o t h e r  w o r d s ,  t h e  i n c r e a s e ,  e s p e c i a l -  
l y  i n  t h e  i n d u s t r i a l l y  l e s s  d e v e l o p e d  c o u n t r i e s ,  o f  w h a t  
m i g h t  b e  t e r m e d  " t h e  d e g r e e  o f  i n t e r - c o u n t r y  s e n s i t i v i t y , "  
a s  a n  a c c o m p a n i m e n t  t o  i n c r e a s e s  i n  t h e  d e g r e e  o f  e c o n o m i c  
d e p e n d e n c e ,  p r e s e n t s  t r o u b l e s o m e  p r o b l e m s  f o r  b o t h  t h e  
i n d u s t r i a l l y  a d v a n c e d  a n d  t h e  d e v e l o p i n g  c o u n t r i e s .  S u c h  
a n  i n c r e a s e  i n  " t h e  d e g r e e  o f  i n t e r - c o u n t r y  s e n s i t i v i t y "  
m i g h t  b e  s a i d  t o  o c c c u r  a l m o s t  i n e v i t a b l y  w h e n e v e r  r e l a t i o n -  
s h i p s  o f  m u t u a l  e c o n o m i c  d e p e n d e n c e  b e t w e e n  a  g i v e n  i n d u s t -  
r i a l l y  a d v a n c e d  c o u n t r y  a n d  a  g i v e n  i n d u s t r i a l l y  l e s s  d e v e l o p e d  
c o u n t r y  a r e  g i v e n  a d d e d  s t r e n g t h ,  b u t t h e  f a c t  n e v e r t h e l e s s  
r e m a i n s  t h a t  t h e  t r e n d  f o r  t h i s  d e g r e e  o f  s e n s i b i l i t y  t o  
g r o w  o n  t h e  p a r t  o f  t h e  i n d u s t r i a l l y  l e s s  d e v e l o p e d  c o u n t r i e s  
g a i n s  a d d i t i o n a l  s t r e n g t h  i n  p r o p o r t i o n  a s  t h e  r e l a t i o s h i p s  
i n v o l v e d  e x h i b i t  a n y  u n i l a t e r a l  s o r t  o f  d e p e n d e n c e  w i t h  
r e s p e c t  t o  i n v e s t m e n t  a n d  f o r e i g n  t r a d e - - a n y  d e p e n d e n c e  
w h i c h  i s  l i a b l e ,  p o l i t i c a l l y ,  t o  b e  t a k e n  a s  a r e l a t i o n s h i p  
o f  s u b s e r v i e n c e - - d i r e c t e d  t o w a r d  t h e  i n d u s t r i a l l y  a d v a n c e d  
c o u n t r i e s  o n  t h e  p a r t  o f  t h e  d e v e l o p i n g  c o u n t r i e s .  
T h i s  t y p e  o f  " i n t e r - c o u n t r y  s e n s i t i v i t y t t  c a n  no d o u b t  
b e  c o n t r o l l e d  t o  a  c e r t a i n  d e g r e e  t h r o u g h  b r i n g i n g  a b o u t  
c h a n g e s  i n  t h e  s t r u c t u r e  o f  f o r e i g n  t r a d e  b e t w e e n  t h e  A s i a n  
d e v e l o p i n g  c o u n t r i e s  a n d  t h e  i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s .  
The p r e s e n t  s t r u c t u r e  o f  t r a d e  b e t w e e n  t h e  i n d u s t r i a l l y  
a d v a n c e d  c o u n t r i e s  a n d  t h e  d e v e l o p i n g  c o u n t r i e s  o f  A s i a  m i g h t  
b e  c a l l e d  a  " v e r t i c a l  p a t t e r n "  s t r u c t u r e ,  i n  w h i c h  t h e  
i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s  i m p o r t s  f r o m  t h e  A s i a n  
d e v e l o p i n g  c o u n t r i e s  t e n d  t o  b e  f o o d s t u f f s  a n d  i n d u s t r i a l  
raw m a t e r i a l s ,  w h i l e  i t s  e x p o r t s  t o  t h e s e  c o u n t r i e s  c o n s i s t  
o f  e i t h e r  s e m i - p r o c e s s e d  p r o d u c t s  s u c h  a s  i n d u s t r i a l  p l a n t s ,  
s t e e l ,  f e r t i l i z e r s ,  c o n s t i t u e n t  c h e m i c a l  p r o d u c t s  f o r  
s y n t h e t i c  f i b e r s ,  e t c . ,  o r  s u c h  f i n i s h e d  m a n u f a c t u r e d  p r o - ) !  
d u c t s  a s  e l e c t r i c a l  a p p a r a t u s ,  m a c h i n e r y ,  t r a n s p o r t  e q u i p m e n t  
a n d  v a r i o u s  t y p e s  o f  m a c h i n e  p a r t s  f o r  l a t e r  a s s e m b l y .  T h i s  
t y p e  o f  " v e r t i c a l  p a t t e r n "  t r a d e  h a s  t h e  e f f e c t  o f  r a i s i n g  
t h e  a f o r e - m e n t i o n e d  " d e g r e e  o f  i n t e r - c o u n t r y  s e n s i t i v i t y . "  
I f ,  a s  t h e  r e s u l t ,  i n  p a r t ,  o f  t h e  i n d u s t r i a l l y  
a d v a n c e d  c o u n t r i e s '  c o o p e r a t i o n  i n  t h e  e f f o r t s  o f  t h e  A s i a n  
d e v e l o p i n g  n a t i o n s  t o  a c h i e v e  s e l f - s u f f i c i e n c y  i n  f o o d  a n d  
t h e  b a s i c  i n f r a s t r u c t u r e s  n e e d e d  f o r  i n d u s t r i a l i z a t i o n .  
t r a d e  b e t w e e n  t h e  i n d u s t r i a l l y  a d v a n c e d  c o u n t r i e s  a n d  t h e  
A s i a n  d e v e l o p i n g  c o u n t r i e s  s h o u l d  i n  t h e  f u t u r e  come t o  b e  
d o m i n a t e d  b y  a  " h o r i z o n t a l  p a t t e r n "  t r a d e  c h a r a c t e r i z e d  by  
t h e  m u t u a l  e x c h a n g e  o f  p r o c e s s e d  m a n u f a c t u r e d  g o o d s , s u c h  
a d e v e l o p m e n t  w o u l d  b e  e x p e c t e d  t o  h a v e  t h e  e f f e c t  o f  
l o w e r i n g  t h e  " d e g r e e  o f  i n t e r - c o u n t r y  s e n s i t i v i t y "  a s  
r e f e r r e d  t o  a b o v e .  
As a  c o n d i t i o n  f o r  b r i n g i n g  a b o u t  a  s i t u a t i o n  i n  w h i c h  
t h e  i n c r e a s i n g  c l o s e n e s s  o f t h e  e c o n o m i c  r e l a t i o n s  b e t w e e n  
t h e  i n d u s t r i a l l y  a d v a n c e d  a n d  t h e  A s i a n  d e v e l o p i n g  c o u n t r i e s  
s h o u l d  n o t  n u r t u r e  s e e d s  o f  p s y c h o l o g i c a l  a n d  p o l i t i c a l  
d i s p u t a t i o n  b e t w e e n  o u r  n a t i o n s ,  a n  i n t e r n a t i o n a l  e c o n o m i c  
r e o r d e r i n g  o f  s u c h  a  t y p e  a s  w o u l d  f a c i l i t a t e  t h e  A s i a n  
d e v e l o p i n g  c o u n t r i e s '  c h a n g e o v e r  t o  " i n d u s t r i a l i z e d  s o c i e t i e s "  
a p p e a r s  t o  b e  n e e d e d .  
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DEVELOPING COUNTRIES 
S o u t h  a n d  S o u t h e a s t  A s i a n  c o u n t r i e s  b e l o n g  t o  o n e  o f  
t h e  m o s t  d e n s e l y  p o p u l a t e d  r e g i o n s  i n  t h e  w o r l d .  I f  
t l t e s e  c o u n t r i e s  w e r e  p r o v i d e d  e n o u g h  l a n d  a n d  n a t u r a l  
r e s o u r c e s  o n e  c o u l d  s a y  t h a t  t h e y  h a d  a t  l e a s t  p o t e n -  
t i a l i t i e s  e n o u g h  t o  s a t i s f y  t h e  m a t e r i a l  n e e d s  o f  t h e i r  
p e o p l e .  I f  m o d e r n  civilization w e r e  a t  i t s  i n i t i a l  s t a g e ,  
o n e  a l s o  c o u l d  s a y  t h a t  t h e  t r o p i c a l  c l i m a t e  c o u l d  g i v e  
t h e m  t h e  g r a c e  o f  God. 
I t  i s ,  h o w e v e r ,  t r a g i c  t h a t  t h e  ' p r o g r e s s '  o f  m o d e r n  
c i v i l i z a t i o n  h a s  g r e a t l y  c h a n g e d  t h e i r  l i v e s ,  m o s t l y  
i n  w a y s  w h i c h  a r e  s e e m i n g l y  d e s i r a b l e ,  b u t  h a s  a l s o  p l a y e d  
t h e  r o l e s  o f  p o t e n t i a l l y  w o r s e n i n g  t h e  s i t u a t i o n  o f  t h e  
w h o l e  r e g i o n .  S p r e a d  o f  m e d i c a l  c a r e ,  f o r  i n s t a n c e ,  w a s  
e S f e c t i v e  i n  c o n t r i b u t i n g  t o  i m p r o v i n g  t h e  m o r t a l i t y  r a t e  
e s p e c i a l l y  o f  c h i l d r e n  a n d  h a s  r e s u l t e d  i n  t h e  h i g h  p o p u l a -  
t i o n  g r o w t h  r a t e  o f  a r o u n d  2.5%, w h i c h  d o e s  n o t  s h o w  a n y  
s i g n  o f  d e a c l i n e .  S u c h  a  h i g h  g r o w t h  r a t e  i n e v i t a b l y  
s h a p e s  t h e  a g e  s t r u c t u r e  t o w a r d  a ' p y r a m i d '  t y p e  w h i c h  
m e a n s  t h a t  c o n s i d e r a b l e  c a p i t a l  i n v e s t m e n t  h a s  t o  b e  d i v e r t e d  
t o  f o r m a t i o n  o f  s o c i a l  c a p i t a l  s u c h  a s  e d u c a t i o n  f a c i l i t i e s  
a n d  h o u s i n g .  T h i s  i s  a  p a r t  o f  t h e  c a u s e s  o f  t h e  s t a g n e n t  
c o n d i t i o n  o f  t h e  economy i n  t h e s e  c o u n t r i e s ,  w h i c h  i n  t u r n  
f r e e z e s  t h e  s t a n d a r d  o f  l i v i n g  o f  p e o p l e  a t  a  l o w  l e v e l  a n d  
e n c o u r a g e s  p a r e n t s  t o  h a v e  l a r g e  f a m i l i e s ,  t h e r e b y  c o n t r i b u t -  
i n g  f u r t h e r  t o  p o p u l a t i o n  g r o w t h .  
T h i s  i n t e r l i n k a g e  b e t w e e n  s t a g n a t i o n  o f  t h e  economy 
a n d  h i g h  p o p u l a t i o n  g r o w t h  h a s  b e e n  o n e  o f  t h e  m o s t  s e r i o u s  
p r o b l e m s  i n  m o s t  d e v e l o p i n g  c o u n t r i e s ,  e s p e c i a l l y  t h o e e  i n  
A s i a ,  a n d  h a s  p r e v e n t e d  s o l u t i o n  o f  o t h e r  s u c h  p r o b l e m s  
i n c l u d i n g  u n e m p l o y m e n t ,  u n d e r - e m p l o y m e n t ,  c h r o n i c  m a l n u t -  
r i t i o n  a n d  i l l i t e r a c y .  
I t  t h e n  g o e s  w i t h o u t  s a y i n g  t h a t  a p p r o p r i a t e  d i s t r i -  
b u t i o n  o f  c a p i t a l  i n c l u d i n g  i n v e s t m e n t s  f r o m  f o r e i g n  
c o u n t r i e s  a n d  g o v e r n m e n t a l  a i d  i s  r e q u i r e d  t o  h e l p  i n  t h e  
d e v e l o p m e n t  o f  t h e  economy o f  t h e s e  c o u n t r i e s .  Many 
d e v e l o p m e n t  e x p e r t s  e m p h a s i z e  t h e  n e c e s s i t y  o f  a g r i c u l t u r a l  
d e v e l o p m e n t ,  b e c a u s e  o f  many r e a s o n s .  The m a i n  p r o d u c t s  
o f ' a g r i c u l t u r e ,  f o o d s ,  a r e  t h e  m o s t  e s s e n t i a l  e l e m e n t s  f o r  
s u s t a i n i n g  human l i f e ;  a g r i c u l t u r e  a b s o r b s  u n s k i l l e d  l a b o r ;  
i t  s u p p l i e s  t h e  r a w  m a t e r i a l s  t o  l i g h t  i n d u s t r y ,  w h i c h  i s  
u s u a l l y  s u p p o s e d  t o  h a v e  a  c o m p a r a t i v e  a d v a n t a g e  r e l a t i v e  
t o  a d v a n c e d  i n d u s t r i a l i z e d  c o u n t r i e s  i n  t h e  w o r l d  m a r k e t ;  
i t  a l s o  s u p p l i e s  r a w  m a t e r i a l s  a p p r o p r i a t e  f o r  e x p o r t  t o  
a d v a n c e d  c o u n t r i e s .  We r e c o g n i z e  t h e r e  a r e  many o t h e r  
r e a s o n s  f o r  s t r e s s i n g  t h e  i m p o r t a n c e  o f  a g r i c u l t u r a l  d e v e l o p -  
m e n t ,  b u t  a t  t h e  same t i m e  we s h o u l d  s e e  a g r i c u l t u r a l  d e v e l o p -  
m e n t  o f  some A s i a n  c o u n t r i e s  w i l l  b e  c o n f r o n t e d  b y  t h e  b a s i c  
b a r r i e r  o f  a v a i l a b l e  l a n d  a n d  w a t e r  r e s o u r c e s .  
To i n v e s t i g a t e  t h e  s i t u a t i o n  o f  t h i s  r e g i o n  t h e  
a g r i c u l t u r a l  d a t a  ( m a i n l y  o f  f o o d  p r o d u c t i o n )  o f  t h e  f i v e  
A s i a n  c o u n t r i e s  ( s i x  a f t e r  t h e  e s t a b l i s h m e n t  o f  B a n d l a d e s h ) ,  
i . e .  T h a i l a n d ,  Burma,  I n d i a ,  P a k i s t a n ,  B a n g l a d e s h  and  S r i  
L a n k a ,  w e r e  s t u d i e d .  The  g r o w t h  o f  a g r i c u l t u r a l  p r o d u c t i o n  
i s  t a k e n  t o  b e  t h e  g r o w t h  o f  t h e  t o t a l  h a r v e s t e d  a r e a  a n d  
t h e  g r o w t h  o f  a v e r a g e  y i e l d .  T a b l e  3 . 1  s h o w s  t h a t  i n  S o u t h  
A s i a n  c o u n t r i e s  s u c h  a s  I n d i a  a n d  P a k i s t a n  t h e  i n c r e a s e  i n  
t h e  a v e r a g e  y i e l d  o c c u p i e s  t h e  d o m i n a n t  p o s i t i o n  i n  t h e  
g r o w t h  o f  f o o d  p r o d u c t i o n ,  w h i l e  i n  T h a i l a n d  a n d  Burma 
t h e  i n c r e a s e  i n  t h e  t o t a l  h a r v e s t e d  a r e a  i s  d o m i n a n t .  The  
l a t t e r  c o u n t r i e s  s t i l l  h a v e  p o t e n t i a l  a r a b l e  l a n d  w h i c h  may 
b e  d e v e l o p e d  i n  t h e  f u t u r e ,  a n d  f o r  t h e m  t h e  e a s i e s t  m e t h o d  
f o r  i n c r e a s i n g  f o o d  p r o d u c t i o n  i s  t o  e x p a n d  a r a b l e  l a n d .  On 
t h e  o t h e r  h a n d  i n  t h e  f o r m e r  c o u n t r i e s  a l m o s t  a l l  p o t e n t i a l l y  
h r a b l e  b e i n g . c u l t i v a t e d ,  a n d  a  s t r o n g  e m p h a s i s  was p u t  o n  
i n c r e a s e  i n  t h e  f e r t i l i z e r  i n p u t  a n d  a d o p t i o n  o f  new k i n d s  
o f  c e r e a l s .  
T h i s  i s  s e e n  f r o m  T a b l e  3 . 2  a n d  F i g .  3 . 1  w h i c h  s h o w  
t h a t  t h e  g r o w t h  r a t e  o f  t h e  t o t a l  f e r t i l i z e r  i n p u t  w a s  
v e r y  h i g h  i n  I n d i a  a n d  P a k i s t a n ,  a r o u n d  2 0 %  p e r  y e a r .  I t  
i s  n o t  s u r p r i s i n g  t h a t  t h e s e  c o u n t r i e s  c o u l d  r e a l i z e  s u c h  
h i g h  g r o w t h  r a t e s  o f  f e r t i l i z e r  u s e ,  f o r  t h e  a b s o l u t e  
v a l u e  o f  f e r t i l i z e r  i n p u t  t o  l a n d  w a s  l o w .  F o r  i n s t a n c e  
e v e n  i n  1 9 7 0  t h e  t o t a l  f e r t i l i z e r  i n p u t  p e r  h a r v e s t e d  
h e c t a r e  w a s  14 k i l o g r a m s  i n  I n d i a ,  13 k i l o g r a m s  i n  P a k i s t a n  
( i n c l u d i n g  B a n g l a d e s h )  b u t  w a s  a b o u t  4 8 0  k i l o g r a m s  i n  J a p a n ,  
w h i c h  i a  a l m o s t  2 0  t i m e s  h i g h e r  t h a n  i n  t h e  f o r m e r  c o u n t r i e s .  
Is  i t  t h e n  p o s s i b l e  f o r  t h e s e  c o u n t r i e s  t o  m a i n t a i n  s u c h  
h i g h  g r o w t h  r a t e  o f  f e r t i l i z e r  i n p u t  i n  f u t u r e ?  T h e  a u t h o r s '  
a n s w e r  i s  u n f a v o r a b l e  b e c a u s e  o f  s e v e r a l  r e a s o n s ,  t h e  m o s t  
s e r i o u s  o n e  b e i n g  t h e  b u r d e n  o f  f e r t i l i z e r  c o s t b  o r d i n a r y  
f a r m e r s .  
T h e  r a t i o  o f  t h e  t o t a l  f e r t i l i z e r  c o s t  t o  g r o s s  a g r i -  
c u l t u r a l  p r o d u c t  i n  v a r i o u s  c o u n t r i e s  i s  s h o w n  i n  T a b l e  3 . 3 .  
w h i c h  s h o w s  t h a t  t h e  r a t i o  o f  I n d i a  a n d  P a k i s t a n  i s  a l r e a d y  
o f  a l m o s t  t h e  s a m e  o r d e r  a s  t h a t  o f  J a p a n .  M o r e o v e r ,  t h e  
a v e r a g e  i n c o m e  o f  a n  o r d i n a r y  f a r m e r  i n  I n d i a  a n d  P a k i s t a n  
i s  much l o w e r  t h a n  t h o s e  o f  f a r m e r s  i n  a d v a n c e d  c o u n t r i e s .  
I t  i s  a p p r o p r i a t e  t o  c o n s i d e r  t h a t  t h e  r e a l  b u r d e n  o f  f e r t i -  
l i z e r  c o s t  i s  much h e a v i e r  t o  t h e  f a r m e r s  o f  l o w - i n c o m e  
c o u n t r i e s  t h a n  t o  t h o s e  o f  a d v a n c e d  c o u n t r i e s .  
I n  a d d i t i o n  t o  t h a t ,  t h e  p r i c e  o f  f e r t i l i z e r s  h a s  
r i s e n  s t e e p l y  i n  r e c e n t  y e a r s ,  t r i g g e r e d  b y  t h e  r i s e  i n  o i l  
p r i c e s  i n  1 9 7 3  a n d  1 9 7 4 .  T a k i n g  t h e  f a c t  i n t o  a c c o u n t  t h e  
r a t i o  o f  f e r t i l i z e r  c o s t  t o  GDP i s  f a i r l y  c o n s t a n t ,  a l m o s t  
1%, i t  i s  n a t u r a l  t o  e x p e c t  t h a t  t h e  a v e r a g e  g r o w t h  r a t e  
o f  t o t a l  f e r t i l i z e r  i n p u t  i n  t h e  l o n g  r a n g e  f u t u r e  i s  a l m o s t  
p r o p o r t i o n a l ' t o  t h a t  o f  GDP, s a y  5% o r  a  l i t t l e  m o r e .  
A t t e n t i o n  s h o u l d  t h e n  b e  a g a i n p a i d  o n  t h e  p o s s i b i l i t y  
o f  i n c r e a s e  i n  t h e  t o t a l  h a r v e s t e d  a r e a .  T h e r e  may b e  t h r e e  
w a y s  f o r  a t t a i n i n g  t h i s  p u r p o s e ,  i . e .  
1. I n c r e a s e  i n  a r a b l e  l a n d  
2 .  I n c r e a s e  i n  c r o p  d e n s i t i e s  b o t h  i n  i r r i g a t e d  and  
n o n - i r r i g a t e d  a r e a  
3 .  I n c r e a s e  i n  i r r i g a t e d  l a n d  
T h e  d i f f i c u l t y  i n  1. was  a l r e a d y  d e s c r i b e d  b e f o r e ,  
b u t  d i f f i c u l t i e s  a l s o  l i e  i n  e l s e w h e r e .  The  c r o p  d e n s i t y  
d e p e n d s  on  v a r i o u s  f a c t o r s ,  b u t  i t  i s  c l e a r  t h a t  i n c r e a s e  
i n  t h e  c r o p  d e n s i t y  c a n  b e  m o r e  e a s i l y  r e a l i z e d  f o r  i r r i g a t e d  
a r e a  t h a n  f o r  n o n - i r r i g a t e d  a r e a  i n  t h e  t r o p i c a l  c l i m a t e ,  
w h i c h  h a s  a  l o n g  d r y  s e a s o n .  F i g .  3 . 2  s h o w s  t h e  c h a n g e  o f  
t h e  a v e r a g e  c r o p  d e n s i t y  i n  t h e  1 9 6 0 f s ,  a n d  s h o w s  t h a t  i t s  
g r o w t h  r a t e  was  v e r y  l o w .  One o f  t h e  r e a s o n s  i s  t h e  
l o w  g r o w t h  r a t e  o f  i r r i g a t i o n  i n  I n d i a  a n d  P a k i s t a n  shown 
i n  T a b l e  3 . 2 .  
S e r i o u s ,  h o w e v e r ,  i s  n o t  o n l y  t h e  t e m p o  o f  t h e  e x p a n s i o n  
o f  i r r i g a t e d  l a n d  b u t  t h e  h i g h  c o s t  o f  i r r i g a t i o n .  T h e  
d a t a  o n  e s t i m a t i o n  o f  t h e  c o s t  o f  l a n d  d e v e l o p m e n t ,  i r r i g a -  
t i o n  a n d  d r a i n a g e  i s  v e r y  s c a r c e ,  e x c e p t  FA0 e s t i m a t e  i x  
1969!12! The  d a t a  a r e  u p d a t e d  i n  1 9 7 0  p r i c e s  a n d  shown 
i n  T a b l e  3 . 4 .  I t  i s  s e e n  t h a t  t h e  c o s t  o f  i r r i g a t i o n  i s  
much h i g h e r  t h a n  t h e  c o s t  o f  l a n d  d e v e l o p m e n t ,  a n d  s o  t h a t  
i t  w i l l  b e  a  h i g h  b a r r i e r  t o  o v e r c o m e .  
T h e r e  a r e  a  f e w  w a y s  t o  m e a s u r e  c a p i t a l  e f f i c i e n c y ,  
b u t  we u s e d  a  s i m p l e  e q u a t i o n ,  
E I n c r e a s e  i n  P r o d u c t i o n  
c a p i t a l  c o e f f i c i e n t  = E I n v e s t m e n t  C o s t  (1) 
S u m m a t i o n  i s  t a k e n  w i t h  r e g a r d  t o  t i m e .  T h i s  d e f i n i -  
t i o n  i s  a  l i t t l e  d i f f e r e n t  f r o m  t h e  o r d i n a r y  d e f i n i t i o n  o f  
c a p i t a l  c o e f f i c i e n t ,  b u t  i t  i s  u s e f u l  t o  s e e  how t h e  c a p i t a l  
w o r k s .  A c c o r d i n g  t o  t h e  s t a t i s t i c a l  d a t a ,  t h e  e s t i m a t e d  
c a p i t a l  c o e f f i c i e n t  d e f i n e d  i n  ( 1 )  i s  b e t w e e n  1 a n d  2  i n  
India, Pakistan, Sri Lanka, Burma and Thailand in the late 
1960's. This small value was, however, especially in the 
first two countries, not brought about by efficient use 
of investment but by rapid increase in fertilizer input, 
as explained before, The authors are afraid that the 
capital efficiency will rapidly decline in these countries 
wlien the growth of agricultural production which is required 
to secure food for rapidly increasing populations will 
depend not on the growth of fertilizer input but on invest- 
ment in irrigation. In other words, putting emphasis on 
agricultural development was once considered to lead to 
economic development, but will possibly become a barrier 
to it. 
Industrial and Agriculture 
It has been widely understood that economic develop- 
ment of a country depends heavily on industrialization, 
of which the major motive force is the high elasticity of 
demands for industrial goods with regard to per capita 
income, which actually means the equivalence of the 'modern 
civilized life' and 'life of material affluence' at least 
in the past. In recent years reflections on overconsump- 
tion of resources in advanced industrial countries stimulated 
efforts to change the character of the modern society, but 
it should also be recognized that the situation of most 
developing countries is extremely distant from the stage of 
talking about "post-industrial society". A greater part 
of demand for industrial goods in developing countries has 
been satisfied by the import from advanced industrialized 
countries, which has been a main cause of worsening the 
international trade balance. Industrialization has been 
one of the most important targets of developing countries, 
but it is true that such industrialization, usually with 
the help of foreign investments, has brought about various 
side-effects which disturbed a balanced economic growth of 
the country concerned e.g., introduction of luxurious industrial 
g o o d s  s u c h  a s  TV s e t s ,  a u t o m o b i l e s ,  a n d  r e f r i g e r a t o r s ,  w i d e n -  
i n g  t h e  g a p  b e t w e e n  e m p l o y e r s  a n d  e m p l o y e e s  a s  h a p p e n e d  i n  
t h e  p a s t  h i s t o r y  o f  t h e  a d v a n c e d  c o u n t r i e s ,  a n d  s h o r t a g e  o f  
l a b o r  i n t e n s i v e  i n d u s t r i e s  w h i c h  may h a v e  a  c o m p a r a t i v e  
a d v a n t a g e  i n  t h e  w o r l d  m a r k e t .  
A s  h a s  b e e n  f r e q u e n t l y  s a i d  i n d u s t r i a l i z a t i o n  r e q u i r e s  
a  h u g e  a m o u n t  o f  i n v e s t m e n t ,  w h i c h  h a s  b e e n  a l s o  a  p r o b l e m  
b e c a u s e  i t  h a s  p l a y e d  a  r o l e  o f  w o r s e n i n g  t h e  i n t e r n a t i o n a l  
b a l a n c e  o f  p a y m e n t s  p o s i t i o n .  The  c a p i t a l  c o e f f i c i e n t  t h e  
a u t h o r s  d e f i n e d  a b o v e  i s  a  good  m e a s u r e  t o  u s e  when d i s c u s s -  
i n g  t h i s  p o i n t .  I n  T a b l e  3 . 5 ,  t h e s e  v a l u e s  f o r  v a r i o u s  
a d v a n c e d  i n d u s t r i a l i z e d  c o u n t r i e s  a r e  l i s t e d .  The e x a c t  
e q u a t i o n  u s e d  f o r  e s t i m a t i n g  t h e  m a r g i n a l  c a p i t a l  eo-  
e f f i c i e n t  B is  a s  f o l l o w s ;  
w h e r e  V i s  t h e  p r o d u c t i o n  o f  v a l u e  a d d e d  i n  y e a r  t ,  ( t )  
* 
AS 
~ ( t )  t h e  c a p i t a l  i n v e s t m e n t  d u r i n g  y e a r  t a n d  s ( t )  t h e  
n o i s e  t e r m  ( a l l  a r e  i n  c o n s t a n t  p r i c e s ) .  The s i m p l e s t  
l e a s t  s q u a r e  m e t h o d  i s  a p p l i e d  t o  e s t i m a t e  B . A l t h o u g h  
v a l u e s  o f  B d i f f e r  f r o m  c o u n t r y  t o  c o u n t r y ,  i t  l i e s  b e t w e e n  
1 a n d  3 ,  w h i c h  i s  a  l i t t l e  h i g h e r  t h a n  t h e  fl o f  a g r i c u l t u r e  
f o r  m o s t  o f  S o u t h  a n d  S o u t h e a s t  A s i a n  c o u n t r i e s  i n  t h e  l a t e  
s i x t i e s .  T h e  e s t i m a t i o n  o f  B o f  m a n u f a c t u r i n g  i n d u s t r y  i n  
t h e s e  d e v e l o p i n g  c o u n t r i e s  i s  h a r d  b e c a u s e  o f  d i f f i c u l t y  
o f  a c q u i r i n g  a c c u r a t e  d a t a ,  b u t  B o f  t o t a l  o f  t h e  
s e c t o r s  o t h e r  t h a n  a g r i c u l t u r e  c a n  b e  e s t i m a t e d  f r o m  U N  
s t a t i s t i c s .  The  r e s u l t s  show t h a t  B ' s  i n  P a k i s t a n  ( i n c l u d -  
i n g  B a n g l a d e s h ) ,  S r i  L a n k a  a n d  T h a i l a n d  a r e  a  l i t t l e  h i g h e r  
t h a n  t h o s e  o f  m a n u f a c t u r i n g  i n d u s t r i e s  i n  a d v a n c e d  i n d u s t r i -  
a l i z e d  c o u n t r i e s ,  w h i l e  t h e  Q i n  I n d i a  i s  t h e  h i g h e s t ,  
b e t w e e n  6 a n d  8. The v a l u e s  c a l c u l a t e d  i n  t h e  a b o v e  d o e s  n o t  
c o r r e s p o n d  t o  t h e  P ' s  o f  m a n u f a c t u r i n g  i n d u s t r i e s ,  b u t  
c o n s i d e r i n g  t h a t  t h e  o f  m a n u f a c t u r i n g  i n d u s t r y  i s  u s u a l l y  
o f  t h e  s a m e  o r d e r  a s  t h a t  o f  o t h e r  s c c t o r s  i n c l u d i n g  s e r v i c e  
s e c t o r s  ( f o r  i n s t a n c e  i n P a k i s t a n  t h e  (3 o f  t h e  f o r m e r  i s  
a r o u n d  4.5 a n d  t h e  fi o f  t h e  l a t t e r  i s  3.5. ) ,  i t  c a n  b e  s a i d  
t h a t  t h e  c a p i t a l  c o e f f i c i e n t s  o f  t h e  manuf  a c t u r i n g i n d u s t r i e s  
i n  t h e s e  A s i a n  d e v e l o p i n g  c o u n t r i e s  a r e  a  l i t t l e  h i g h e r  t h a n  
t h o s e  i n  a d v a n c e d  i n d u s t r i a l i z e d  c o u n t r i e s  . 
T h e r e  a r e  s e v e r a l  c a u s e s  o f  s u c h  a  l o w  c a p i t a l  e f f i c i e n c y  
o f  m a n u f a c t u r i n g  i n d u s t r i e s ,  among w h i c h  a r e  u n d e r u t i l i z a t i o n  
o f  f a c t o r y  e q u i p m e n t  a n d  i n  I n d i a ,  i n v e s t m e n t  b i a s e s  f a v o r i n g  
c a p i t a l  i n t e n s i v e  s e c t o r s  s u c h  a s  s t e e l  i n d u s t r y .  A s  t h e  
i n s u s t r i a l i z a t i o n  w i l l  go  o n ,  h o w e v e r ,  i t  w i l l  b e  i m p r o v e d  
a n d  w i l l  d e c l i n e  t o  t h e  v a l u e s  o f  t h o s e  i n  a d v a n c e d  c o u n t r i e s  
, i . e .  a r o u n d  2 o r  3. 
The p r e c e d i n g  d i s c u s s i o n  t e l l s  t h a t  t h e  c a p i t a l  c o e f f i -  
c i e n t  o f  a g r i c u l t u r e  i n  S o u t h  A s i a n  c o u n t r i e s  w i l l  r i s e  m a i n l y  
b e c a u s e  o f  l a r g e  i n v e s t m e n t s  i n  i r r i g a t i o n  n e c e s s a r y  f o r  
s e c u r i n g  f o o d  s u p p l y  t o  r a p i d l y  g r o w i n g  p o p u l a t i o n ,  w h i l e  t h e  
c a p i t a l  c o e f f i c i e n t  o f  m a n u f a c t u r i n g  i n d u s t r y  w i l l  d e c l i n e .  
I n  t h e  f o r e s e e a b l e  f u t u r e  t h e  f o r m e r  w i l l  e x c e e d  t h e  l a t t e r .  
I n  o t h e r  w o r d s i n d u s t r i a l i z a t i o n  w i l l  become more  e f f e c t i v e  
i n  c a p i t a l  u s e  i n  S o u t h  A s i a n  c o u n t r i e s  t h a n  d e v e l o p m e n t  o f  
a g r i c u l t u r e .  A s  d e s c r i b e d  i n  t h e  f i r s t  p a r t  o f  t h i s  c h a p t e r  
many d e v e l o p m e n t  e x p e r t s  h a v e  s t r e s s e d  t h e  i m p o r t a n c e  o f  
a g r i c u l t u r a l  d e v e l o p m e n t  i n  A s i a n  d e v e l o p i n g  c o u n t r i e s  a n d  
t h e  a u t h o r s  do n o t  i n t e n d  t o  o p p o s e  i t .  Our  i n t e n t i o n  i s  
t o  p o i n t  o u t  t h a t  t h e  i n d u s t r i a l i z a t i o n  i n  S o u t h  A s i a n  c o u n t r i e s  
may h a v e  t h e  a d v a n t a g e  o f  e f f e c t i v e  c a p i t a l  u s e  a n d  t h e n  a c c e -  
r e l a t e  e c o n o m i c  d e v e l o p m e n t  o f  t h e s e  c o u n t r i e s ,  w h i c h  t h e r e b y  
w i J 1  a c c e r e l a t e  a g r i c u l t u r a l  d e v e l o p m e n t .  T h e  u s e  o f  c a p i t a l  
i n v e s t m e t i  i n  t n d u s  t r y ,  h a r m o n i z e d  w i t h  a g r i c u l t u r a l  d e v e l o p -  
ment  may g a i n  p r i o r i t y  i n  t h e  f u t u r e  p o l i c y  o f  t h e s e  c o u n t r i e s ,  
a n d  t h e  a u t h o r s  a r e  i n t e n d i n g  t o  s t u d y  on t h i s  a s p e c t  by t h e  
u s e  o f  a  t w o - l e v e l  m u l t i - n a t i o n  m o d e l ,  o f  w h i c h  t h e  s t r u c t u r e  
w i l l  b e  d e s c r i b e d  i n  t h e  n e x t  c h a p t e r .  
Table 3.1 Growth ~ a t e s * '  of Food Product ion and Its Components 
i n  t h e  Five Asian Countr ies  
Harvested ~ v e r a ~ e * ~  T o t a l  *2 Harvested ~ v e r a g e * ~  ~ o t a l * ~  
a r e a  y i e l d  Product ion a r e a  y i e l d  Product ion 
Thai land 3.4% 2.1% 5.5% 4.4% 1.4% 5.8% 
Burma 1 . 6  0.6 2.2 0.4 0.2 0.6 
I n d i a  0 .8  2.7 3.5 1 . 8  4.5 6.3 
P a k i s t a n  6 2.0 1.9 3.9 1 .8  3.1 4.9 
Bangladesh 
S r i  Lanka 3.5 1.7 5.2 7.4 3.7 11.1 
*1 For the sake of decomposing product ion elements t h e  growth r a t e  
shown here  is simply the  d i f f e r e n c e  of the  corresponding v a r i a b l e s  
i n  t h e  i n i t i a l  y e a r  and i n  t h e  t e rmina t ion  year ,  divided by t h e  
time leng th .  Average growth r a t e s  of t h e s e  v a r i a b l e s  es t imated  by 
the  s t a t i s t i c a l  method a r e  a  l i t t l e  d i f f e r e n t  from t h e  va lues  i n  
t h e  t a b l e .  
*2 I n  terms of c a l o r i e s .  
Source : FA0 Production Yearbook. 
Table 3.2 Growth ~ a t e s * '  of Various Elements i n  Agr icu l tu re  i n  
t h e  Five Asian Countr ies  
Crop Data Arable Data I r r i g a t e d  Data 
d e n s i t y  year  land year  land year  
Thailand 1.8% '61-'70 2.8% '60-'70 7.7% '61-'70 
Burma -2.1 '61-'70 3.4 '61-'70 5 .1  '61-'70 
I n d i a  0.8 '61-'70 0.3 '61-'70 2.7 '61-'70 
Pakis tan  6 1 . 0  '61-'70 1 . 9  '61-'67 0.5 '61-'70 
Bangladesh 
S r i  Lanka -3.0 '61-'70 3.3 '61-'70 2.8 ' 61.- ' 70 
*1 Averaged dur ing  t h e  d a t a  per iod ,  s o  they do no t  correspond t o  those 
of  Table 3.1 
Source: FA0 Product ion Yearbook. 
Table 3.3. Ccst of F e r t i l i z e r  i n  1970 
F e r t i l i z e r  c o s t  (%) GAP (US$) F e r t i l i z e r  
- 
GAP per  c a p i t a  per  harves ted  a r e a  (kg/ha) 
Japan 7.4 
I n d i a  5.7 
P a k i s t a n  7.0 
S r i  Lanka 3.5 
Burma 1 . 5  
Thailand 0.3 
*GAP = Gross A g r i c u l t u r a l  Product.  
Source: FAO, Product ion Yearbook, The S t a t e  of Food and A g r i c u l t u r e  
1973, p.219. 
 able 3.4 C o s t  f o r  Land Development and I r r i g a t i o n  (1970 P r i c e ,  $ /ha)  
Land Development Cost  I r r i g a t i o n  Cost  
Tha i l and  125 
I n d i a  50 
P a k i s t a n  240 
(and Bangladesh) 
S r i  Lanka 360 
*1 FA0 IWP e s t i m a t e  is on t h e  b a s i s  o f  1962 p r i c e .  S i n c e  t h e  
inves tmen t  c o s t  is composed mainly  of l a b o r  c o s t ,  t h e  c o s t  
shou ld  b e  modif ied by t h e  l a b o r  c o s t  d e f l a t o r ,  o f  which, 
however, no d a t a  a r e  a v a i l a b l e .  So t h e  a u t h o r s  used t e m p o r a r i l y  
GNP d e f l a t o r .  
*2 The c o s t  l i s t e d  i n  t h e  t a b l e  is t h e  ave rage  o f  t h e  FA0 p l a n  u n t i l  
1985. 
Source:  FA0 P r o v i s i o n a l  I n d i c a t i v e  World P l a n ,  1969. 
Tab le  3 .5  C a p i t a l  C o e f f i c i e n t s  of Manufactur ing I n d u s t r i e s  
of Var ious  Coun t r i e s  
Canada 
Japan 
U.S.A. 
Belgium 
C a p i t a l  Data  
c o e f f i c i e n t  y e a r  
Sweden 2.70 '63- '71 
West Germany 1.39 '63- '71 
I t a l y  3 .23 '63- '71 
Y 
( c o r r e l a t i o n  c o e f f i c i e n t )  
Source:  UN, The Growth o f  World I n d u s t r y .  
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IV. STRUCTURE OF A TWO LEVEL MULTI-NATION MODEL 
Recent escalation of the consciousness of the global 
society has stimulated research on the world model& which 
may clarify the behavior of complex international relations 
as well as tendencies for change of the states of global 
resources. The 'World Dynamics' or 'The Limits of Growth' 
Model originally developed by Forrester (I3) may be the 
one of the simplest types in the sense that the world was 
dealt with as a whole in the model, but there have been 
or are being developed many other kinds of models which 
may be classified into the category of the world model. 
A. Bottomley (I4) listed of eleven such models but there 
are probably many others. For instance a few models not 
described in his list have been developed in Japan, such 
as the world trade model by Shishido (15) and the world 
(16) food model developed by Mitsubishi Research Institute . 
Almost all of these models are similar in the sense that the 
world is divided into several blocks or nations, but they 
are basically divided into three categories: 
1. Multi-nation and/or block, one specific sector model 
2. Multi-nation and/or block, multi-sector model 
3. Macro multi-nation and/or block model combined 
with sectionized nation and/or block models. 
The first of these types includes various kinds of 
the world energy models, and world food and agriculture 
models such as the Mitsubishi model. On the other hand, 
the well-known LINK model organized by ~lein(*) and UNEP 
model by Leontief (I7) are typical examples of the second 
type. Bariloche's model may be categorized as being of 
this type, but is a little different from others in that 
international trade does not play an effective role in the 
model. In principle a model of this type is the best 
suited to investigate complexly entwined relations between 
n a t i o n s  a n d  s e c t o r s ,  b u t  t h e  m o d e l  may b e c o m e  t o o  l a r g e  
i n  s c a l e ,  a n d  t h e  m o d e l  b u i l d e r s  h a v e  t o  e x e r t  much e f f o r t s  
t o  a v o i d  p r o p a g a t i n g  e r r o r  f r o m  o n e  p a r t  t o  t h e  w h o l e  m o d e l  
as t i m e  g o e s  o n .  A n o t h e r  p r o b l e m  p o t e n t i a l l y  u n a v o i d a b l e  
when  b u i l d i n g  m o d e l s  o f  t h i s  t y p e  i s  t h e  d i f f i c u l t y  i n  
g a t h e r i n g  t h e  d a t a  o n  t h e  m i c r o - s t r u c t u r e  o f  i n d u s t r i e s  
i n  e a c h  n a t i o n  a n d / o r  b l o c k ,  s u c h  a s  t h o s e  o f  t h e  i n p u t -  
o u t p u t  t a b l e s  p r o p e r l y  c o m p i l e d  i n  a  u n i f i e d  f o r m .  A. B o t t o m -  
l e y  a l s o  s h o w e d  a  l i s t  o f  t h e  i n p u t - o u t p u t  t a b l e s  a v a i l a b l e  
t o  h i m ,  a n d  t h e  a u t h o r s  a l s o  h a v e  many t a b l e s  o f  v a r i o u s  
c o u n t r i e s ,  b u t  a n y o n e  e n g a g e d  i n  c o n s t r u c t i o n  o f  t h e s e  
m o d e l s  knows  how h a r d  i t  i s  t o  p r e p a r e  a p p r o p r i a t e  i n p u t -  
o u t p u t  t a b l e s  f o r  t h e  n a t i o n s  a n d / o r  b l o c k s  t o  b e  c o v e r e d  
i n  h i s  w o r l d  m o d e l .  T h e  a u t h o r s  o n c e  t r i e d  t o  c o n s t r u c t  
a w o r l d  m o d e l  o f  t h i s  t y p e ,  a i m i n g  a t  c l a r i f y i n g  t h e  p a t t e r n  
o f  t h e  i n t e r n a t i o n a l  d i v i s i o n  o f  l a b o r  w h i c h  i s  n o r m a t i v e  
i n  t h e  s e n s e  t h a t  t h e  f i r s t  o r d e r  p r i o r i t y  i s  g i v e n  t o  
d e v e l o p m e n t  o f  d e v e l o p i n g  c o u n t r i e s  b a l a n c e d  w i t h  v a r i o u s  
e c o n o m i c  a n d  p h y s i c a l  r e q u i r e m e n t s ( 1 8 ) .  T h e  a u t h o r s  c o u l d  
d e r i v e  q u a l i t a t i v e  f i n d i n g s  f r o m  t h e  m o d e l ,  b u t  came  t o  
a  c o n c l u s i o n  t h a t  i t  m i g h t  n o t  t e l l  m o r e  t h a n  t h e s e  w i t h o u t  
s u f f i c i e n t  d a t a  o n  t h e  i n p u t - o u t p u t  t a b l e s  i n  a  g r e a t e r  
p a r t  o f  t h e  r e g i o n s  i n  t h e  w o r l d .  T h i s  r a t h e r  d i s a p p o i n t -  
i n g  c o n c l u s i o n  l e a d s  u s  i n e v i t a b l y  t o  r e s t a r t  c o n s t r u c t i o n  
o f  t h e  w o r l d  m o d e l  o f  o t h e r  t y p e ,  i . e .  t h e  t h i r d  t y p e .  
M o d e l s  o f  t h e  t h i r d  t y p e  a r e  r e l a t i v e l y  r a r e .  T h e  
M e s a r o v i c - P e s t e l  ~ o d e l " )  i s  b a s i c a l l y  o f  t h i s  t y p e ,  b u t  
t o  t h e  e x t e n t  o f  t h e  a u t h o r s '  k n o w l e d g e ,  d e t a i l s  o f  t h e  
s t r u c t u r e  o f  c o n n e c t i n g  m c a r o - l e v e l  a n d  m i c r o - l e v e l  h a v e  
n o t  b e e n  p u b l i s h e d  y e t .  The  p r e s e n t  a u t h o r s  p r o p o s e  a 
m o d e l ,  w h i c h  h a s  a  m a c r o - e c o n o m i c  m u l t i - n a t i o n  a n d / o r  b l o c k  
m o d e l  l i n k e d  w i t h  m u l t i - s e c t o r  m o d e l s  o f  t h e  n a t i o n s  o r  
b l o c k s  c o n c e k n e d .  I n  o t h e r  w o r  d s  t h e  i n t e r n a t i o n a l  
e c o n o m i c  r e l a t i o n s  t h r o u g h  w h i c h  t h e  b e h a v i o r  o f  a c o u n t r y ' s  
e c o n o m y  i n f l u e n c e s  t'h.ose o f  o t h e r  c o u n t r i e s ,  a r e  e x p r e s s e d  i n  
s e c t i o n i z e d  t e r m s .  
T h e  a d v a n t a g e  o f  a d o p t i n g  m o d e l s  o f  t h i s  t y p e  i s  t o  
d e c r e a s e  t h e  s c a l e  a n d  n u m b e r  o f  v a r i a b l e s  a s  much a s  
p o s s i b l e ,  w h i l e  r e t a i n i n g  t h e  o b j e c t i v e  o f  i n v e s t i g a t i n g  
t h e  e f f e c t s  o f  c h o i c e  o f  v a r i o u s  d e v e l o p m e n t  p a t t e r n s  i n  
t h e  s e l e c t e d  n a t i o n s  s u c h  a s  S o u t h  a n d  S o u t h e a s t  A s i a n  
d e v e l o p i n g  c o u n t r i e s  o n  t h e s e  n a t i o n s  a n d  t h e  r e s t  o f  t h e  
w o r l d .  As a  f i r s t  s t e p  t o w a r d s  c o n s t r u c t i o n  o f  s u c h  a  m o d e l  
t h e  a u t h o r s  d e c i d e d  t o  c o n s t r u c t  a  t w o  l e v e l  m o d e l  a s  s u c h ;  
a )  A  m a c r o - e c o n o m i c  m u l t i - n a t i o n  m o d e l  c o n s i s t i n g  o f  
t h i r t y  c o u n t r i e s ,  a s  e x p r e s s e d  i n  c h a p t e r  2 .  
b )  T h r e e  s e c t o r  p r o d u c t i o n  m o d e l s  o f  s e l e c t e d  c o u n t r i e s ,  
n a m e l y  I n d i a ,  P a k i s t a n  a n d  B a n g l a d e s h ,  S r i  L a n k a  
a n d  T h a i l a n d .  
T h e  c o n n e c t i o n  b e t w e e n  a )  a n d  b )  i s  t e m p o r a r i l y  o n l y  t h r o u g h  
t h e  g r o s s  d o m e s t i c  p r o d u c t  a n d  e x p o r t ,  a s  i s  s h o w n  i n  F i g . 4 . 1  
T h e  o u t l i n e  o f  t h i s  p a r t  i s  d e s c r i b e d  b e l o w .  
1 )  P r o d u c t i o n  p a r t  
From t h e  m a c r o - e c o n o m i c  m u l t i - n a t i o n  m o d e l  d e s c r i b e d  
i n  c h a p t e r  2 ( l e t  i t  b e  c a l l e d  M N M )  t h e  t o t a l  i n v e s t m e n t  
* * 
i n  c o n s t a n t  p r i c e s ,  g s p  i s  g i v e n ,  d i s t r i b u t i o n  o f  A s  i n t o  
P  
a g r i c u l t u r a l ,  m a n u f a c t u r i n g  a n d  o t h e r  s e c t o r s  a r e  d e t e r m i n e d  
f r o m  t h e  s c e n a r i o  t h e  a u t h o r s  c o n s t r u c t .  T h e r e  may b e  
s e v e r a l  s c e n a r i o s  t o  b e  a d o p t e d ,  f o r  i n s t a n c e ,  o n e  i n  
w h i c h  t h e  s t r o n g  e m p h a s i s  i s  p u t  o n  l a n d  d e v e l o p m e n t  a n d  
i r r i g a t i o n  i n  o r d e r  t o  i n c r e a s e  f o o d  p r o d u c t i o n ,  o n e  i n  
w h i c 4  t h e  p a s t  t r e n d  c o n t i n u e s ,  a n d  s o  o n .  I t  i s  s t r e s s e d  
t h a t  t h e  o b j e c t i v e  o f  t h e  m o d e l  b u i l d i n g  i s  n o t  t o  s e e  
w h a t  w i l l  b e  i n  t h e  f u t u r e  b u t  t o  s e e  what s h o u l d  b e  d o n e  as  
n a t i o n a l  a n d  i n t e r n a t i o n a l  p o l i c y .  
Once  g i ; en  t h e  d i s t r i b u t i o n  o f  i n v e s t m e n t s  i n  t h r e e  
s e c t o r s  t h e  g r o s s  d o m e s t i c  p r o d u c t  o f  e a c h  s e c t o r  i s  
c a l c u l a t e d .  T h e  d e t a i l s  a r e  d e s c r i b e d  i n  Appendkx  2 .  T h e  
* * 
r e s u l t  o f  t h e  c a l c u l a t i o n ,  i s  t h e n  r e p l a c e d  i n t o  t h e  
c o r r e s p o n d i n g  e q u a t i o n  i n  M N M .  
2 )  E x p o r t  p a r t  
I n  M N M  t h e  e x p o r t  f r o m  a  n a t i o n  t o  o t h e r  n a t i o n s  i s  
d e n o t e d  by e *  ( f r o m  i t h  n a t i o n  t o  j t h  n a t i o n ) .  T h i s  
* i j 
e  i s  a  f u n c t i o n  o f  v a r i o u s  v a r i a b l e s ,  a n d  c a n  b e  c o n s i d e r e d  i 1 - 
a s  e x t r a p o l a t i o n  o f  t h e  p a s t  t r e n d  o f  e x p o r t  p a t t e r n ,  ( n o t  
o n l y  i n  m a c r o - s c o p i c  t e r m s  b u t  a l s o  i n  m i c r o s c o p i c  t e r m s )  
b u t  when o n e  o f  t h e  s c e n a r i o s  a s  d e s c r i b e d  a b o v e  i s  a d o p t e d  
t h e  c o n t e n t  o f  t h e  g r o s s  d o m e s t i c  p r o d u c t  w i l l  c h a n g e  a n d  
* 
t r i g g e r  t h e  c h a n g e  i n  e  w h i c h  s h o u l d  b e  t a k e n  i n t o  a c c o u n t .  
i j  ' 
* 
The b a s i c  p r i n c i p l e  i n  m o d i f y i n g  B i s  t h a t  t h e  c h a n g e  
* i J 
i n  e  i s  t h e  sum o f  c h a n g e s  o f  t h e  s h a r e  o f  a g r i c u l t u r e  
i j 
a n d  m a n u f a c t u r i n g  i n d u s t r i e s  i n  G D P  t i m e s  r a t i o  o f  g o o d s  i n  
e a c h  s e c t o r  t o  t h e  t o t a l  e x p o r t .  The  d e t a i l s  a r e  d e s c r i b e d  
a l s o  i n  A p p e n d i x  2 .  
3) O t h e r  p a r t  
T h e r e  may b e  s e v e r a l  e l e m e n t s  w h i c h  may c h a n g e  n o t  
t h r o u g h  t h e  m a c r o s c o p i c  s t r u c t u r e  when t h e  i n d u s t r i a l  
p a t t e r n  c h a n g e s .  E x p o r t  p r i c e  i n d e x  pe  i s  o n e  o f  s u c h  
v a r i a b l e s .  The a u t h o r s  a r e  c o n t i n u i n g  t o  i n v e s t i g a t e  
o t h e r  p o s s i b i l i t i e s  o f  c h a n g e  o f  m a c ro  v a r i a b l e s  d u e  t o  
c h a n g e  i n  m i c r o  s t r u c t u r e  i n c l u d i n g  p e .  
Fig. 4.1 Sectionized Model of a Nation connected t o  
Macro-Economic Multi-Nation Model (MNM) 
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V .  DIRECTION OF FURTHER RESEARCH 
The  c o n s t r u c t i o n  o f  t h e  two l e v e l  m u l t i - n a t i o n  m o d e l  
b 
p r o p o s e d  f n  t h e  p r e c e d i n g  c h a p t e r  i s  now u n d e r  w a y ,  a n d  
t h e  a u t h o r s  h a v e  t h e  f o l l o w i n g  f u t u r e  r e s e a r c h  p l a n .  
1 )  C o n s t r u c t i o n  o f  a  t w o - l e v e l  m u l t i - n a t i o n  m o d e l ,  o f  w h i c h  
t h e  l o w e r  l e v e l  c o n s i s t s  o f  n o t  o n l y  t h e  A s i a n  d e v e l o p -  
i n g  c o u n t r i e s  s e l e c t e d  a t  t h e  f i r s t  s t a g e  b u t  o t h e r  
c o u n t r i e s  i n  e a c h  o f  w h i c h  a g r i c u l t u r a l  p r o d u c t i o n  
p l a y s  a n  i m p o r t a n t  r o l e  i n  n a t i o n a l  a n d / o r  i n t e r n a t i o n a l  
economy. U n i t e d  S t a t e s  a n d  J a p a n  a r e  t h e  c a n d i d a t e s  
f r o m  t h e  s i d e  o f  a d v a n c e d  i n d u s t r i a l i z e d  c o u n t r i e s .  
2 )  A d d i t i o n  o f  t h e  m e c h a n i s m  i n t o  t h e  a b o v e  m o d e l ,  w i t h  
w h i c h  t h e  n o r m a t i v e  p a t t e r n  o f  i n t e r n a t i o n a l  d i v i s i o n  
o f  l a b o r  m a i n l y  i n  m a n u f a c t u r i n g  i n d u s t r i e s  c a n  b e  
i n v e s t i g a t e d ,  t a k i n g  v a r i o u s  n a t u r a l  a n d  s o c i a l  
c o n s t r a i n t s  s p e c i f i c  t o  e a c h  c o u n t r y  i n t o  a c c o u n t .  
A t  t h e  f i r s t  s t e p  t h e  s e c o n d  l e v e l  m o d e l  c o n s i s t 8  
o n l y  o f  t h r e e  s e c t o r s ,  o f  w h i c h  t h e  s e c o n d  s e c E o r ,  
m a n u f a c t u r i n g  i n d u s t r y ,  o c c u p i e s  t h e  d o m i n a n t  p o s i t i o n  
i n  t h e  i n t e r n a t i o n a l  t r a d e .  C o n s t r u c t i o n  o f  t h e  new 
w o r l d  e c o n o m i c  o r d e r  d e s c r i b e d  i n  C h a p t e r  1 i n e v i t a b l y  
r e q u i r e s  change i n  t h e  p resen t  s t a t e  of i n t e r n a t i o n a l  d i v i s i o n  of l a b o r ,  
e s p e c i a l l y  i n  indus t ry  s e c t o r s .  The a u t h o r s  p lan  t o  d i v i d e  t h e  
m a n u f a c t u r i n g  i n d u s t r y  s e c t o r s  i n t o  1 0  t o  1 5  s u b s e c t o r e ,  
a n d  a p p l y  t h e  m a t h e m a t i c a l  p l a n n i n g  m e t h o d o l o g y  ( p o s s i b l y  
LP) t o  f i n d  t h e  c h a n g e  o f  p r o d u c t i o n  p a t t e r n  o f  t h e s e  
s e c t o r s  o f  v a r i o u s  c o u n t r i e s  w h i c h  s a t i s f y  v a r i o u s  
c o n s t r a i n t s  c o n c e r n e d  w i t h  c a p i t a l ,  l a b o r ,  l a b o r  q u a l i t y ,  
e n v i r o n m e n t ,  a n d  s o  o n .  The  a u t h o r s  a l r e a d y  s t a r t e d  
s e t t i n g  o f  t h e  m o d e l  f r a m e w o r k  a n d  g a t h e r i n g  o f  d a t a  
i n p u t - o u t p u t  t a b l e s ,  c e n s u s  d a t a  o n  l a b o r  q u a l i t y  i n  
v a r i o u s  i n d u s t r y  s e c t o r s ,  t i m e  s e r i e s  d a t a  o f  t r a d e  f l o w ,  
e t c . ) ,  i n  p a r a l l e l  w i t h  t h e  p r e s e n t  w o r k .  
3) E x p a n s i o n  o f  t h e  m u l t i - n a t i o n  m o d e l  t o  t h e  w o r l d  m o d e l .  
T h e  p r e s e n t  m u l t i - n a t i o n  m o d e l  c o n s i s t s  o f  o n l y  
t h i r t y  c o u n t r i e s  i . e . ,  1 6  i n d u s t r i a l l y  a d v a n c e d  a n d  
1 4  d e v e l o p i n g  A s i a n  c o u n t r i e s ,  a n d  t h e  a u t h o r s  i n t e n d  
t o  e x p a n d  t h e  m o d e l  t o  t h e  w o r l d w i d e  o n e .  A c c u m u l a t i o n  
o f  t h e  d a t a  f o r  t h i s  p u r p o s e  i s  a l s o  a l r e a d y  g o i n g  o n .  
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APPENDIX 1 .  
Macro Economic Multi-Nation Model 
1 .  Model E q u a t i o n s  
I. Production 
x** 
4. X* $ '11 ($ is endogenously determined f o r  DAC) 
5. s* - a* + A s *  - d* 
P P-1 p P 
- - 
6. 1 - (1 - u) lcs 
- - 
za - 1. zb - 0 ( f o r  DAC) DAC: Industr ia l ly  developed c o u . ~ t r i e s  
- 
La - 0 ,  $ - 1 ( f o r  LDC) LDC: Developing countries  
XI. E~pccditure on GDP (at constant prices) 
- 
+ B [e* (,)-I + ("da(i,j) + 
op(i.j) 
2. f*o a + 6 T*o (1 relates to importing countries(j). ) 
- 8  
7. AS* - .A{a +B Y*~-,+ Y e*-, + 6 i-, + [Oda + Asopl-~ 1 p 'a 
8 
9. - a + B x* + y (x* - x*-,) + 6 I-l 
12. x* - e* - m* + c* + g* + As* + + (for DAC) 
P 
111. Profit-Wane 
8 - 
1. y*c a + 0 x* + y i-l 
8 
2. o - a + 6  P,-, + Y pY + 6 --, 
X* xt 
3. Py - (-9/(-y) 
0 
IV. Prices 
6 P e - a f O + P u  + Y i w - l + ~ P m - , + c  (S)-)-? 1 
(; relates to  exporting country ( i )  .) 
; - 1, se - 0 ,  r 0 (for DAC) 
s - 0, s, - 1, so - 0 ( for  LDC excluding OPEC) 
r - 0, se - 0 ,  z o - 1  (for OPEC) 
V. Expenditure on GDP ( a t  current prices) 
1. e - peWe* 
2. m - p,.m* 
3. c - pc*c* 
VI. O f f i c i a l  Development Assistance and Private Overseas Investment 
1. o - ii.x* da 
- 2.  A s  - O.x* 
op 
3* ?'da(i,j) - ii.0 da 
4. ; A s   AS 
t op(i , j )  0 P 
- 
5 .  s - s  + A s o p - f d  
op op-1 
APPENDIX 2 
Eauiat ions f o r  t h e  economv of s e l e c t e d  na t ions  
1 )  Product ion Sec tor  
Agr icu l tu re  
* * 
 AS;^ = 1 "PA - f o r  Thailand (Ah. 1 )  
f o r  I n d i a ,  Pak is tan  and 
Bangladesh, S r i  Lanka 
f o r  Thailand 
(  AS;^ - OsiD f o r  I n d i a ,  Pak is tan  and 
Bangladesh, S r i  Lanka 
% ; a r a b l e  l and  without  i r r i g a t i o n  (ha) 
AR ; i r r i g a t e d  a r a b l e  l and  (ha) 
CD ; u n i t  investment c o s t  f o r  land development i n  cons tan t  
p r i c e s  ($/ha) 
CR ; u n i t  investment c o s t  f o r  i r r i g a t i o n  i n  cons tan t  p r i c e s  
. ($/ha) 
% ; crop d e n s i t y  f o r  % 
5 ; crop d e n s i t y  f o r  AR 
PD ; y i e l d  of  AD i n  terms of c a l o r i e s  (Callha) 
'R ; y i e l d  of AR i n  terms of c a l o r i e s  (Callha) 
FA ; p r i c e  - c a l o r y  c o n v e r t e r  
k ASpD ; investment  f o r  l a n d  development 
 AS:^ ; investment  f o r  i r r i g a t i o n  
V* ; g r o s s  domest ic  product  of  a g r i c u l t u r e  A 
F ; t o t a l  i n p u t  of  f e r t i l i z e r s  ( t )  
f D ,  f  a r e  t h e  t a b l e  f u n c t i o n s  determined from t h e  p a s t  
A d a t a .  F i s  determined from t h e  g iven  v a l u e  of 
t h e  e l a s t i c i t y  t o  GDP, between 1 .0  and 1 .5 .  
Manufacturing I n d u s t r y  
B I  ; c a p i t a l  c o e f f i c i e n t  de f ined  i n  c h a p t e r  3 
v:; g r o s s  domest ic  p roduc t  of  manufactur ing i n d u s t r y  
B I  i s  chosen a s  t h e  same a s  t h e  average of  B I  of advanced 
i n d u s t r i a l  c o u n t r i e s  f o r  Thai land,  P a k i s t a n  and Bangladesh 
and S r i  Lanka, b u t  a s  a  f u n c t i o n  o f . t i m e  s lowly  going down 
from 1 0  t o  t h e  average of  B I  of advanced i n d u s t r i a l  
c o u n t r i e s .  
Other  S e c t o r s  
f. * dc 
V R = P R o A S  + l iR, J 
PO 
2) Export S e c t o r  
f o r  expor t  of t h e  s e l e c t e d  Asian developing 
c o u n t r i e s  (A4.13) 
f o r  import of t h e  s e l e c t e d  Asian developing 
c o u n t r i e s  from main food expor t ing  c o u n t r i e s  
e:j ; t h e  export  from i - t h  country t o  j - th  country 
* * 
oei j  ; t h e  f o r e c a s t  of e  from one-level  mult i -nat ion model 
i j  
Ae" ; t h e  change of t h e  expor t  due t o  t h e  change of s t r u c t u r e  
i j  of t h e  g r o s s  doplestic product of t h e  s e l e c t e d  Asian 
developing c o u n t r i e s  
e*F ; t h e  food expor t  from i - t h  country t o  j - th  count ry  
i j  
ogi  ; t h e  e x t r a p o l a t e d  va lue  of t h e  p a s t  t r end  of gi 
Ki ; t h e  e x t r a p o l a t e d  v a l u e  of t h e  p a s t  t r end  of t h e  r a t i o  
of t h e  t o t a l  expor t  0 f . i - t h  country t o  t h e  sum of t h e  
g ross  domestic product  o f  a g r i c u l t u r e  and manufacturing 
indus t ry .  
I ; t h e  r a t i o  of t h e  expor t  of i n d u s t r i a l  goods from i - t h  
country t o  j - t h  country t o  t h e  t o t a l  expor t  between 
two c o u n t r i e s  
A ; t h e  r a t i o  of t h e  expor t  of a g r i c u l t u r a l  goods from i - t h  
country t o  j - th  country t o  t h e  t o t a l  expor t  between 
two count r ies .  
: t h e  r a t i o  of export  of food from i - t h  country t o  j - th  
country t o  t h e  t o t a l  expor t  between t h e s e  two c o u n t r i e s .  
Ri ; t h e  r a t i o  of food expor t  of i - t h  country t o  t h e  food 
expor t  of t h e  whole food expor t ing  c o u n t r i e s .  
Ui ; t h e  r a t i o  of r e a l  food import t o  t h e  p o t e n t i a l  demand 
f o r  food import 
x A column vector  of n element which denotes gross domestic 
product ( a t  cur ren t  market pr ices)  of n countr ies  within the  
endogenous region. 
fi " gross domestic product a t  constant pr ices .  
fi* " p o t e n t i a l  gross domestic product a t  constant  p r i ce s .  
e* An element of e* (iDj) matr ix which denotes exports  from 
country i t o  country j ( a t  constant  p r i ce s ) .  
£*o A column vector  of n element which denotes each country IF: 
exports  ou ts ide  the  region ( a t  constant  p r i ce s ) .  
A column vector  of n element which denotes exports  of 
goods and s e rv i ce s  ( a t  cur ren t  p r i ce s ) .  
e* " exports  of goods and s e rv i ce s  ( a t  constant  p r i ce s ) .  
IP " imports of goods and s e rv i ce s  ( a t  cur ren t  p r i ce s ) .  
IP* I' imports of goods and s e rv i ce s  ( a t  constant  p r i ce s ) .  
IP* 
0 
" imports of goods from the r e s t  of t h e  world ( a t  
constant p r i ce s ) .  
I' pr iva t e  f i n a l  consumption expenditure ( a t  current  
pr ices)  . 
c* I1  " ( a t  constant  p r i ce s ) .  
B " government f i n a l  consumption expenditure ( a t  cur ren t  
p r i ce s ) .  
B* II I' ( a t  'constant  p r i ce s ) .  
r* I' government cur ren t  revenue ( a t  constant  p r i ce s ) .  
Ash I' housing investment ( a t  cur ren t  p r i ce s )  . 
 AS*^ II " ( a t  constant  pr ices)  . 
A s  " non-housing investment ( a t  current  p r i ce s ) .  
P 
A s *  11 I' ( a t  constant  p r i ce s ) .  
P 
I' increase i n  s tocks ( a t  cur ren t  p r i c e s ) .  
 AS*^ II I' ( a t  cons tan t  p r i ce s ) .  
A column vec tor  of n  element which denotes f i x e d  c a p i t a l  
s tocks  ( a t  constant  p r i c e s ) .  
" deprec ia t ion  of f i x e d  c a p i t a l  ( a t  cons tan t  p r i c e s )  
" research and development expenses ( a t  constant  p r i c e s  
" corpora te  p r o f i t  ( a t  cons tan t  p r i c e s ) .  
" employment ( i n  terms of  man-hour) . 
" c i v i l i a n  labour f o r c e  ( i n  terms of man-hour). 
" unemployment r a t i o .  
" average wage and s a l a r y  p e r  employee ( a t  c u r r e n t  
p r i c e s ) .  
" average i n t e r e s t  r a t e  on loan. 
I' fo re ign  exchange r a t e  ( i n  terms of  SDR). 
" b a s i c  balance of  payment. 
" balance of the  c a p i t a l  accounts. 
" l abor  p roduc t iv i ty  index. 
" r a t e  of customs duty t o  t o t a l  imports.  
I' i m p l i c i t  d e f l a t e r  of GDP. 
" i m p l i c i t  d e f l a t e r  of p r i v a t e  consumption expenditure 
(consumers p r i c e s  index) .  
" i m p l i c i t  def l a t e r  of government consumption. 
" i m p l i c i t  def l a t e r  of f i x e d  equipment investment . 
" i m p l i c i t  d e f l a t e r  of housing investment. 
" i m p l i c i t  def l a t e r  of i n c r e a s e  i n  s t o c k s  (wholesale 
p r i c e s  index) .' 
" expor t  p r i c e  index. 
" import p r i c e  index. 
" each DAC count ry ' s  t o t a l  o f f i c i a l  development 
a 'ss is tance ( n e t )  . 
" money supply-real  income income index. 
0 d a ( i , j )  An element of o d a ( i , j )  matr ix which den0 t e s  o f f i c i a l  
development a s s i s t a n c e  from DAC country i t o  LDC country j. 
A S  A column vec tor  of n element which denotes  each DAC OP country 's  overseas p r i v a t e  investment ( n e t )  t o  LDC count r ies .  
s " overseas p r i v a t e  investment balance.  
op 
A S  
o p ( i , j )  An element of A S  o p ( i , j )  mat r ix  which denotes overseas 
p r i v a t e  investment from DAC country i t o  LDC country j. 
- 
a 
m 
A column vec tor  of n element which denotes each LDC's 
o f f i c i a l  development a s s i s t a n c e  ( n e t )  received from 
m u l t i l a t e r a l  agencies .  
- 
a " each LDC's o f f i c i a l  development a s s i s t a n c e  (ne t )  
received from c e n t r a l l y  planned economy zone. 
m " money supply. 
- 
+dm " imports of technology. 
a 
- 
Pe 0 A s c a l a r  of export  p r i c e  index of t h e  r e s t  of t h e  world. 
5 
Pmo 
" import p r i c e  index of t h e  r e s t  of the  world. 
a 
- ' 
o i l  expor t  u n i t  p r i c e  index. 
C 
=qw 
" i n t e r n a t i o n a l  l i q u i d i t y  index (world t o t a l ) .  
To*O I' world imports excluding n count r ies  i n  t h e  endogenous 
region. 
- 
Pet 'I export  p r i c e  index of primary commodities. 
t Denotes time. 
- Denotes t h e  exogenous v a r i a b l e s  of t h e  model. 
Denotes dummy v a r i a b l e s .  
A A n x n mat r ix  which denotes t h e  cons tan ts  of  export  func t ions  
from country i t o  country j with in  endogenous region. 
B, l', E A n x n matr ix which denotes the  c o e f f i c i e n t s  of  export  func t ions  
from country i t o  country j with in  endogenous region.  
A colunm vec tor  of n element which denotes  t h e  cons tan ts  
of a group of s t r u c t u r a l  equat ions.  
6, Y ,  6 A'diagonal mat r ix  of a n x n o r d e r  which denotes  c o e f f i c i e n t s  
8, A ,  n of a group of s t r u c t u r a l  equat ions.  
c,  4 ,  v, y 
- 
II, 8, 5 .  Development a s s i s t a n c e  po l icy  parameters. 
it 
APPENDIX 3 
Estimation of the Model's Structural Parameters 
In estimating the macro-model's structural parameters, 
the main statistical data used were as follows: 
United Nations, Yearbook of National Accounts 
Statistics 
Statistical Yearbook for Asia and 
the Far East 
Demographic Yearbook 
Monthly Bulletin of Statistics 
OECD, National Accounts of OECD Countries 
Labour Force Statistics 
Development Co-operation 
ILO , Yerabook of Labour Statistics 
IMF, Direction of Trade 
International Financial Statistics 
The above were supplemented by studies by the World Bank 
and by statistics published by the governments and central 
banks of the nations concerned. 
In order to adjust these basic statistics into units 
of calculation applicable in common to all the various countries, 
as required by the multi-nation model, national income and 
other statistics are given a reference base in terms of constant 
prices uniformly set to conform to 1970 levels. Units of 
currency in each country are tranposed into units of "millions 
of US dollars.'' Indexes for prices and the like are uniformly 
set with reference to 1970 levels. Statistics on population 
and number of employed persons are expressed in units of 
"thousands of persons." 
Time k e r i e s  d a t a  n e e d e d  f o r  e s t i m a t i n g  t h e  m o d e l ' s  
s t r u c t u r a l  p a r a m e t e r s  w e r e  i n s o f a r  a s  p o s s i b l e  c o l l e c t e d  
f o r  t h e  2 0 - y e a r  p e r i o d  f r o m  1 9 5 4  t h r o u g h  1 9 7 3 .  E v e n  i n  
t h e  c a s e  o f  d e v e l o p i n g  c o u n t r i e s ,  m o s t  o f  i n  w h i c h  d a t a  
w a s  i n c o m p l e t e ,  i n f o r m a t i o n  w a s  c o m p i l e d  f o r ,  a t  t h e  v e r y  
l e a s t ,  t h e  1 2 - y e a r  p e r i o d  f r o m  1 9 6 0  t h r o u g h  1 9 7 1 .  
On t h e  b a s i s  o f  t h e  a b o v e  d a t a ,  a n  e s t i m a t i o n  i s  
made o f  t h o s e  p a r a m e t e r s  t o  b e  u s e d  i n  d e s i g n a t i n g  t h e  
v a r i a b l e s  w h i c h  i n  t u r n  d e t e r m i n e  t h e  s p e c i f i c  s y s t e m  
s t r u c t u r e  w h i c h  o u r  m u l t i - n a t i o n  m o d e l  w i l l  a s s u m e  f o r  
p u r p o s e s  o f  e x a m i n i n g  a  g i v e n  p r o b l e m .  The  t o t a l  s y s t e m  
u s e d  i n  t h e  m u l t i - n a t i o n  m o d e l  h a s  b e e n  r e f e r r e d  t o  a l r e a d y ,  
b u t  i t  r e m a i n s  t o  b e  p o i n t e c i  o u t  t h a t  a  s p e c i a l  c h a r a c t e -  
r i s t i c  o f  t h e  m o d e l  i s  t h a t  t h e  many v a r i a b l e s  a n d  p a r a m a t e r s  
m a k i n g  u p  t h e  m o d e l ' s  s y s t e m  s t r u c t u r e  c a n  t h e m s e l v e s  b e  
c h a n g e d  w i t h  e a c h  c h a n g e  o r  a d d i t i o n  o f  d a t a .  I n  t h e  u s u a l  
e c o n o m e t r i c  m o d e l ,  t h e  s t r u c t u r a l  p a r a m e t e r s  a s s i g n e d  t o  
g i v e n  v a r i a b l e s  may c h a n g e  w i t h  a  c h a n g e  o r  a d d i t i o n  o f  d a t a ,  
b u t  t h e  s e t  o f  v a r i a b l e s  w h i c h  d e t e r m i n e  t h e  s y s t e m  s t r u c t u r e  
i t s e l f  c a n n o t  b e  e a s i l y  c h a n g e d .  H o w e v e r ,  t h e  m u l t i - n a t i o n  
m o d e l  i s  d e s i g n e d  s o  a s  t o  p e r m i t  q u i c k  a n d  f l e x i b l e  c h a n g e s  
i n  t h e  c o m b i n a t i o n  o f  v a r i a b l e s  u s e d  f o r  p u r p o s e s  o f  r e s p o n d -  
i n g  t o  new i n f o r m a t i o n  a n d  d a t a .  
I n d e e d ,  o n e  r e a s o n  f o r  d e v e l o p i n g  t h e  m u l t i - n a t i o n  
m o d e l  i s  t h e  f a c t  t h a t  s i n c e  t h e  " s y s t e m s  s t r u c t u r e s ' '  o f  
v a r i o u s  c o u n t r i e s  a r e  n o t  n e c e s s a r i l y  a l i k e ,  f o r  p u r p o s e s  
o f  r e a p o n d i n g  a p p r o p r i a t e l y  t o  t h e s e  v a r i a t i o u s  among 
c o u n t r i e s  t h e  u s e  o f  a n y  i n f l e x i b l e  s o r t  o f  s y s t e m  s t r u c t u r e  
i n  a n  e c o n o m i c  m o d e l  w i l l  i n v o l v e  d i f f i c u l t i e s .  
L e t  u s  now r e f e r  t o  some c o n c r e t e  p r o c e d u r e s .  F i r s t l y ,  
we m u s t  d e s i i n a t e  a  s p e c i f i c  s e t  o f  s t r u c t u r a l  e q u a t i o n s  
u s i n g  some o r  a l l  o f  t h e  f u l l  c o m p l e m e n t  o f  e x p l a n a t o r y  
v a r i a b l e s  p e r m i t t e d  b y  t h e  v a r i o u s  p o s s i b l e  t y p e s  o f  
s t r u c t u r a l  e q u a t i o n s  w h i c h  may b e  u s e d  i n  t h e  m o d e l .  S i n c e  
t h e r e  may b e  d i f f e r e n c e s  i n  s y s t e m  s t r u c t u r e  d e p e n d e n t  
u p o n  t h e  c o u n t r y  o r  t i m e  p e r i o d  u n d e r  c o n s i d e r a t i o n ,  i t  
i s  n o t  n e c e s s a r i l y  t h e  c a s e  t h a t  a  g i v e n  s e t  o f  e x p l a n a t o r y  
v a r i a b l e s  w i l l  b e  u n i f o r m l y  a p p l i c a b l e  t h r o u g h o u t  t h e  
e n t i r e  m o d e l .  T h u s  t h e  s e t t i n g  u p  o f  a s p e c i f i c  p r o g r a m  
i s  d o n e  t h r o u g h  a  p r o c e s s  o f  d i s c a r d i n g  t h o s e  e x p l a n e t o r y  
v a r i a b l e s  c o n s i d e r e d  t o  h a v e  l o w  s t a t i s t i c a l  r e l i a b i l i t y ,  
a n d  t h e n  m a k i n g  r e p e a t e d  t r i a l  c a l c u l a t i o n s  w i t h  r e s p e c t  
t o  a  u n i f o r m l y  a p p l i e d  se t  o f  e q u a t i o n s  u n t i l  t h e  m o s t  
a p p r o p r i a t e  c o m b i n a t i o n  o f  v a r i a b l e s  i s  a c h i e v e d .  I n  t h i s  
way  t h e  m u l t i - n a t i o n  m o d e l ,  c a p a b l e  o f  r e f l e c t i n g  s u b t l e  
d i f f e r e n c e s  i n  t h e  s y s t e m s  s t r u c t u r e s  o f  e a c h  c o u n t r y ,  t a k e s  
c o n c r e t e  f o r m .  Of c o u r s e ,  i f  t h e  c o n s t i t u e n t  d a t a  a r e  
c h a n g e d  o r  ammended,  t h e  s p e c i f i c  s e t  o f  e q u a t i o n s  u s e d  
may b e  r e s p e c i f i e d  w i t h  t h e  r e s u l t  t h a t  t h e  m o d e l ' s  s y s t e m  
s t r u c t u r e  i t s e l f  w i l l  c h a n g e ,  i n  k e e p i n g  w i t h  t h e  m o d e l ' s  
s p e c i a l  m e r i t  o f  b e i n g  a b l e  t o  r e s p o n d  t o  d y n a m i c  c h a n g e s  i n  
t h e  r e a l - w o r l d  e n v i r o n m e n t .  
D i s c u s s i o n  
When asked t o  c l a r i f y  t h e  n o t i o n  of " a r a b l e  land" ,  Kaya r e p l i e d  t h a t  
i t  i s  n o t  p o t e n t i a l  a r a b l e  l a n d ,  b u t  r a t h e r  c u l t i v a t e d  l and  t h a t  i s  cons ide red  
i n  h i s  model. The growth r a t e s  r e f e r r e d  t o  a r e  c a l c u l a t e d  f o r  a  f ive -yea r  
p e r i o d ;  t h e y  a r e  o v e r a l l  growth r a t e s  and n o t  t h e  ave rage  annua l  growth r a t e s .  
E t i e n n e  adv i sed  t h a t  o f f i c i a l  FA0 f i g u r e s  f o r  f e r t i l i z e r  a r e  n o t  com- 
p a r a b l e  among c o u n t r i e s  s i n c e  they  r e f e r  t o  d i f f e r e n t  b a s e s .  Kaya agreed  t o  
check t h e s e  f i g u r e s  c a r e f u l l y .  
Waelbroeck sugges ted  t h a t  i n  a  model of t h i s  s i z e  one shou ld  d i f f e r e n t i a t e  
more s h a r p l y  between deve lop ing  and developed c o u n t r i e s .  Not i n  a l l  c o u n t r i e s  
w i l l  e x p o r t  f u n c t i o n  be  e q u a l l y  dependent  on domest ic  wages. Expor t s  a l s o  
depend on prime r a t e  commodity p r i c e s ;  f o r  deve lop ing  n a t i o n s ,  t h e  a v a i l -  
a b i l i t y  of f o r e i g n  cu r rency  may b e  a  s t r o n g  de te rmin ing  f a c t o r .  I n  r e p l y ,  
On i sh i  exp la ined  t h a t  they made g r e a t  e f f o r t s  t o  de te rmine  what f u n c t i o n  t o  
u s e .  
As r e g a r d s  f e r t i l i z e r s ,  E t i e n n e  p o i n t e d  o u t  t h a t  i t  might  be  mis l ead ing  
t o  use  ave rage  n a t i o n a l  f i g u r e s .  I n  I n d i a ,  f o r  i n s t a n c e ,  t h e r e  a r e  l a r g e  
a r e a s  t h a t  do n o t  u se  any f e r t i l i z e r s .  I f ,  however, t h e  coun t ry  was t r e a t e d  
a s  a  whole,  t h e  i n c r e a s e  i n  f e r t i l i z e r  i n  some p a r t s  biould b e  a t t r i b u t e d  e r -  
roneous ly  t o  t h e  e n t i r e  coun t ry .  

A CONCEPTUAL OVERVIEW OF AGRICULTURAL MODELS 
Donella H.  Meadows 
The Dartmouth System Dynamics Group i s  c u r r e n t l y  engaged 
i n  a survey  of  models of a g r i c u l t u r a l  development i n  indus- 
t r i a l i z i n g  c o u n t r i e s .  The survey has  t h r e e  o b j e c t i v e s :  
1. To i l l u s t r a t e  how complex models basecl on d i s s i m i l a r  
methodologies can be analyzed w i t h i n  a common format and 
communicated s o  t h a t  a non- technica l  audience can compare 
and e v a l u a t e  them. 
2.  To summarize t h e  i n s i g h t s  t h e s e  models can c o n t r i b u t e  t o  
a d i f f i c u l t  c u r r e n t  socio-economic problem. 
3 .  To sugges t  how t h e  p rocess  o f  modeling, t h e  i n t e r a c t i o n  
wi th  po l i cy  makers, and t h e  r e p o r t i n g  of  r e s u l t s  might 
be b e t t e r  s t r u c t u r e d  t o  emphasize t h e  i n h e r e n t  s t r e n g t h s  
of computer models and t o  a l low p o l i c y  makers t o  make 
informed choices  among t h e  many problem-solving methods 
now a v a i l a b l e  t o  them. 
The seven  models c u r r e n t l y  i n c l u d e d  i n  o u r  s t u d y ,  t h e i r  
s p o n s o r s ,  c o u n t r i e s  o f  a p p l i c a t i o n ,  and model ing a p p r o a c h e s ,  
a r e  summarized i n  T a b l e  I. 
T a b l e  I 
A g r i c u l t u r a l  Models I n c l u d e d  i n  t h e  S tudy  
Model Name Sponsor ing  Modeling Region o f  Methods 
o r  Author  I n s t i t u t i o n  I n s t i t u t i o n  A p p l i c a t i o n  Employed 
BACHUE I1 ILO I LO P h i l i p p i n e s  i n p u t - o u t p u t ,  & o t h e r s  dynamic simu- 
l a t i o n  
Gupta I B R D  I BRD A r g e n t i n a  e c o n o m e t r i c s  
KASM 
LTSM 
P i c a r d i  
TEMPO 
Thomas 
i n p u t - o u t p u t ,  
A I D  Michigan Korea l i n e a r  p ro-  S t a t e  gramming 
dynamic simu- 
l a t i o n  
FA0 Egypt  dynamic s i m -  FA0 & o t h e r s  u l a t i o n  
AID MIT S a h e l  sys tem dynamics 
AID 
Guatemala ,  dynamic simu- 
GE Turkey l a t i o n  & o t h e r s  
h i e r a r c h i c a l ,  Ford ,  IBRD Harvard Bangladesh linear pro- 
gramming 
W e  have assembled  and rev iewed  t h e  a v a i l a b l e  documenta t ion  on  
t h e s e  models  and i n  s e v e r a l  c a s e s  d i r e c t l y  i n t e r v i e w e d  t h e  
p r o j e c t  teams c o n c e r n i n g  u n c l e a r  p o i n t s  o r  u n f i n i s h e d  work. 
Each model i s  be ing  a s s e s s e d  a c c o r d i n g  t o  a c h e c k l i s t  a s  f o l l o w s :  
Purpose: Who i s  t h e  sponsor  and what does  he hope t o  g a i n  
by hav ing  a  model made? What i s  t h e  m o d e l e r ' s  purpose ( i f  
d i f f e r e n t  from t h a t  o f  t h e  s p o n s o r ) ?  To what rea l -wor ld  
problems i s  t h e  model ad d r e s s ed?  What p o l i c i e s  a r e  t o  be  
t e s t e d ,  o r  what i n fo rma t ion  i s  t o  be g e n e r a t e d ?  
Time hor izon:  Over what p e r i o d  of t i m e  does  t h e  modeler  
a t t e m p t  t o  d e s c r i b e  t h e  s y s t em ' s  behav io r ?  Is t h i s  pe r i od  
c o n s i s t e n t  w i t h  t h e  model 's  prupose? 
Boundary diagram: What v a r i a b l e s  have been i nc luded  i n  
t h e  model? Which a r e  a f f e c t e d  by system behavior  (endog- 
enous)  and which a r e  independent  o f  system behavior  
(exogenous)?  A r e  t h e  r e a s o n s  f o r  v a r i a b l e  i n c l u s i o n /  
e x c l u s i o n  made c l e a r ?  A r e  t h e  i nc luded  v a r i a b l e s  c o n s i s -  
t e n t  w i t h  t h e  purpose and t i m e  ho r i zon?  
C a u s a l - c o r r e l a t i v e  s t r u c t u r e :  What form does  t h e  network 
o f  v a r i a b l e  i n t e r a c t i o n  t ake?  How does  each  v a r i a b l e  t i e  
i n t o  t h e  system? A r e  r e l a t i o n s h i p s  d e s c r i b e d  i n  d e t a i l ,  
o r  a r e  t h e y  p r e s e n t e d  i n  h i g h l y  agg r ega t ed  forms? 
Method: What mathemat ica l  t e c h n i q u e s  have been used i n  
f o r m a l i z i n g  t h e  system? A r e  r e l a t i o n s h i p s  g e n e r a l l y  made 
l i n e a r ?  A r e  a n a l y t i c  s o l u t i o n s  sought?  A r e  random 
v a r i a b l e s  an impor t an t  p a r t  o f  model behav io r ?  Does t h e  
model e x t r a p o l a t e  t h e  f u t u r e  from p a s t  d a t a ,  o r  does  it 
a t t e m p t  t o  f i n d  ways t o  g u i d e  t h e  sys tem toward a  s t a t e d  
norm? What i s  t h e  i n h e r e n t  a ccu r acy  o f  t h e  computa t ion ,  
compared t o  t h e  accu racy  r e q u i r e d  by # l ?  What l i m i t a t i o n s  
a r e  imposed on t h e  model behav io r  by t h e  t e c h n i q u e s  used? 
Data  s o u r c e s  and hand l i n g :  A r e  t h e  s o u r c e s  of d a t a  made 
c l e a r ?  How have c rude  d a t a  been r e f i n e d  t o  m e e t  t h e  model 's  
d a t a  r equ i r emen t s?  How have " s o f t "  v a r i a b l e s  such  a s  
a t t i t u d e s  been handled? What h a s  been done where needed 
d a t a  w e r e  n o t  a v a i l a b l e ?  
, Where a r e  e q u a t i o n s  a v a i l a b l e ?  A r e  t h ey  
Is ~t p o s s i b l e  f o r  t h e  program t o  be imple- 
mented on a n o t h e r  computer system? 
V a l i d i t y / s e n s i t i v i t y :  How h a s  t h e  f u n c t i o n i n g  o f  t h e  model 
been t e s t e d ?  What c r i t e r i a  were used t o  judge model 
v a l i d i t y ?  How does  t h e  model respond  t o  changes i n  d a t a  
i n p u t ?  Is i t s  behav io r  dependent  on poo r ly  s u b s t a n t i a t e d  
s t r u c t u r e  o r  parameters?  
Conc lus ions  and recommendations: What i s  concluded abou t  
t h e  sys tem d e s c r i b e d  by t h e  model? What p o l i c i e s  a r e  
recommended? 
. Implementation history: Have the modelers' efforts been 
useful in formulating policy? Who, if anyone, has used 
the model? What successes and what problems have been 
encountered by people using the model? 
11. Hardware requirements: What is the program's run-time? 
How much storaae sDace does it reauire? How much core 
2 .  
does it require? For what computer system was it designed? 
What computer language is it written in? 
12. Evaluation criteria: Does the modeler provide guidelines 
for evaluating his work? Does he present it in such a 
way as to help users improve the model as they use it? 
13. Documentation grade: How well does the model documenta- 
tion allow the above checkpoints to be assessed? Is the 
writing clear, organized, informative? 
14. References: Where can documentation be found? Which 
published documents are most directly helpful in summar- 
izing the important characteristics of the model? 
In attempting to answer these questions for all the models 
in the study, we have encountered two significant difficul- 
ties. The first is the problem of documentation. Although a 
number of the models are described in several volumes, or as 
many as 50 published papers, their documentation rarely 
permits most of the questions on the checklist to be answered 
without either hours of searching or a conversation with the 
modeling team. The items least clearly documented tend to be 
purpose, structure, validity/sensitivity, implementation 
history, and evaluation criteria. 
The second difficulty in such a model comparison is the 
representation of basic assumptions, or structure, in a common 
format that can allow rapid understanding of the content, 
omissions, similarities, and differences of the models. We 
have adopted three different ways of illustrating the 
structure of the models; verbal listing of major assumptions, 
causal-loop diagramming, and comparison with a reference 
structure. Each of these structural representation techni- 
ques will be demonstrated here, using the agriculture sector 
of  WORLD^^ as an example. 
1. Verbal Listing of Major Assumptions 
Persons who are not involved in the physical sciences or 
in computer modeling are accustomed to communicating in words. 
Thus a verbal summary of model structure is essential, if the 
model is to be communicated to policy makers and the general 
public. Such a summary is often very difficult to write; it 
must capture all important explicit model assumptions, to allow 
meaningful evaluation, discussion, and criticism. Unimportant 
details should be omitted so that the focus is centered only 
on those factors that actually determine the behavior of the 
model and the conclusions drawn from it. Technical jargon 
should be avoided. 
Our attempt to summarize the basic structure of the WORLD3 
agriculture sector resulted in the following list: 
1. Food is produced from arable land and agricultural 
inputs (fertilizer, seed, pesticides) . 
2. Food output increases when the arable land area, the land 
fertility, or the amount of agricultural inputs are 
increased. 
3. There are decreasing marginal returns to the use of 
agricultural inputs. 
'D.L. Meadows, et.al., The Dynamics of Growth in a Finite 
World, Cambridge, Mass., Wright-Allen Press, 1974 
4. The amount of p o t e n t i a l l y  a r a b l e  l a n d  i s  f i n i t e ,  and 
development c o s t s  p e r  h e c t a r e  ( f o r  c l e a r i n g ,  roads ,  
i r r i g a t i o n  dams) i n c r e a s e  a s  t h e  s t o c k  of  p o t e n t i a l l y  
a r a b l e  land  dec reases ;  i n  o t h e r  words, t h e  b e s t  and most 
a c c e s s i b l e  land  i s  used f i r s t .  
5. Newly developed l and  e n t e r s  a t  t h e  c u r r e n t  average  land  
f e r t i l i t y .  
6. Arable  land  e rodes  i r r e v e r s i b l y  on a  t ime s c a l e  of 
c e n t u r i e s  when s u b j e c t  t o  i n t e n s e  c u l t i v a t i o n ,  u n l e s s  
countermeasures a r e  taken .  
7. The s t o c k  of a r a b l e  land  i s  decreased  by u r b a n - i n d u s t r i a l  
b u i l d i n g  a c t i v i t y ,  t h e  r a t e  of d e c r e a s e  depending on both  
popu la t i on  and i n d u s t r i a l  growth. 
8.  T o t a l  investment  i n  a g r i c u l t u r e  i n c r e a s e s  i n  t h e  l ong  run 
wi th  i n c r e a s i n g  i n d u s t r i a l  ou tpu t  p e r  c a p i t a  and i n  t h e  
s h o r t  run when fo rced  t o  do s o  by food sho r t ages .  
9 .  A g r i c u l t u r a l  investment  can be  used t o  develop  new land  
o r  t o  i n c r e a s e  t h e  amount of a g r i c u l t u r a l  i n p u t s  on 
p r e s e n t  land .  Investment  i s  a l l o c a t e d  on t h e  b a s i s  of 
t h e  r e l a t i v e  margina l  p r o d u c t i v i t i e s  of  t h e  o p t i o n s  
measured i n  vege t ab l e -equ iva l en t  k i lograms p e r  d o l l a r -  
year .  
10. The c a p i t a l - i n t e n s i v e  u se  of land  can l ead  t o  p e r s i s t e n t  
p o l l u t i o n  of t h e  land  (h igh  p e s t i c i d e  c o n c e n t r a t i o n s ,  
s a l i n i t y ,  heavy-metal po i son ing ) .  
11. Land f e r t i l i t y  dec reases  on a  t ime s c a l e  of  decades when 
t h e  l e v e l  of p e r s i s t e n t  p o l l u t a n t s  becomes h igh .  
12. Land f e r t i l i t y  r e g e n e r a t e s  i t s e l f  ove r  decades ,  and t h e  
p roces s  can be speeded up by proper  l a n d  maintenance. 
13.  Farmers t e n d  t o  main ta in  s o i l  f e r t i l i t y  by t h e  proper  
u s e  of  c a p i t a l  excep t  when p re s su red  by extreme food 
s h o r t a g e s .  
14. Land y i e l d  i s  reduced by a i r  p o l l u t i o n .  
2. Causal- loop Diagram 
A l i n e a r  v e r b a l  l i s t  of assumptions may be ea sy  f o r  a 
non techn ica l  audience  t o  unders tand ,  bu t  it f a i l s  t o  r ep re -  
s e n t  an  impor tan t  f e a t u r e  of many sys tems-ana lys is  
t e chn iques :  t h e  assumpt ions  a r e  i n t e r l i n k e d  i n  a  s imul taneous ,  
dynamic, feedback arrangement  o f  mutual  i n t e r a c t i o n .  There 
is  no s imp le  way t o  communicate feedback s t r u c t u r e  t o  an  
u n t r a i n e d  audience ;  i n s t e a d  we have sought  a  t e chn ique  t h a t  
i nvo lves  minimal neces sa ry  t r a i n i n g .  We f i n d  t h a t  c a u s a l  d i a -  
gramming can  be t a u g h t  w i t h i n  l e s s  t han  one hour ,  and can be 
used by peop le  who a r e  n o t  p r o f e s s i o n a l  modelers ,  bo th  t o  
d i s c u s s  e x i s t i n g  models and t o  fo rmu la t e  new ones.  
A c a u s a l  diagram c o n s i s t s  of words t o  r e p r e s e n t  impor t an t  
model e l emen t s  and a r rows  t o  i n d i c a t e  r e l a t i o n s h i p s  between 
t h e  e lements .  For  example, a  ve ry  s imple  p o p u l a t i o n  model i s  
r e p r e s e n t e d  c a u s a l l y  i n  F igu re  1. The arrow from b i r t h s  p e r  
y e a r  t o  p o p u l a t i o n  i n d i c a t e s  t h a t  t h e  f i r s t  e lement  c a u s e s  
changes  i n  t h e  second. The a r row i s  p o s i t i v e  ( + ) ,  i n d i c a t i n g  
t h a t  an i n c r e a s e  i n  b i r t l l s  p e r  y e a r  c a u s e s  an i n c r e a s e  i n  pop- 
u l a t i o n .  Another  p o s i t i v e  arrow comple tes  t h e  feedback;  a s  
p o p u l a t i o n  i n c r e a s e s ,  b i r t h s  p e r  y e a r  a l s o  i n c r e a s e ,  a l l  e l s e  
e q u a l .  T h i s  c l o s e d  c h a i n  of two p o s i t i v e  r e l a t i o n s h i p s  form 
a  p o s i t i v e  feedback loop ,  r e p r e s e n t e d  by a  + s i g n  w i t h i n  
p a r e n t h e s i s  i n  t h e  middle of t h e  loop.  A n e g a t i v e  feedback 
loop  l i n k s  popu la t i on ,  food p e r  c a p i t a ,  and d e a t h s .  A s  popu- 
l a t i o n  i n c r e a s e s  ( a l l  e l s e  e q u a l ) ,  food p e r  c a p i t a  dec rea se s .  
A s  food pe r  c a p i t a  d e c r e a s e s ,  d e a t h s  p e r  year  i n c r e a s e .  A s  
d e a t h s  i n c r e a s e ,  popu la t i on  dec rea se s .  I n  t h i s  s imp le  model 
food p roduc t ion  i s  cons ide red  exogenous, a s  i n d i c a t e d  by t h e  
doub le  a r row (@) . 
Fig u r e  1 
S i m p l e  C a u s a l - L o o p  D i a g r a m  
B I R T H S  
YEAR 
FOOD 
PRODUCTION 
Causal  diagrams can  i l l u s t r a t e  a t  a  g l ance  t h e  conf ig-  
u r a t i o n s  of  r e l a t i o n s h i p s  t h a t  c o n s t i t u t e  t h e  b a s i c  frame- 
works of a  s e r i e s  of models. Some a g r i c u l t u r a l  models may 
assume popu la t i on  i s  exogenous, some may i n c l u d e  a  feedback 
from food t o  popu la t i on ,  some may inc lude  a  p o s i t i v e  feedback 
from popu la t i on  t o  l a b o r  f o r c e  t o  food ou tpu t  back t o  popu- 
l a t i o n .  A l l  t h e s e  d i f f e r e n c e s  a r e  e a s i l y  r e p r e s e n t e d  i n  
causa l - loop  form. On t h e  o t h e r  hand, t h e  q u a n t i t a t i v e  n a t u r e  
of each  r e l a t i o n s h i p  i s  n o t  p i c t u r e d .  I n  o r d e r  t o  de te rmine  
whether t h e  r e l a t i o n s h i p  r e p r e s e n t e d  by each arrow i s  s t r o n g  
o r  weak, l i n e a r  o r  n o n l i n e a r ,  i n s t an t aneous  o r  de layed ,  
r e f e r e n c e  must be made t o  t h e  model equa t ions .  The c a u s a l  
diagram i s  o n l y  des igned  t o  s k e t c h  t h e  q u a l i t a t i v e  s t r u c t u r e  
of t h e  model. I t  may and should  l e a d  t o  q u e s t i o n s  about  
q u a n t i t a t i v e  assumptions and a t  t h a t  p o i n t  t h e  d i s c u s s i o n  J 
moves from s t r u c t u r e  t o  parameters .  
The causa l - loop  diagram of t h e  a g r i c u l t u r e  s e c t o r  of 
WORLD3 i s  shown i n  F i g u r e  2.  I n  t h i s  c a s e  t h e  exogenous 
f a c t o r s  a r e  i n p u t s  from o t h e r  s e c t o r s  of t h e  world model. 
The two feedback loops  o u t l i n e d  i n  heavy arrows a r e  p a r t i c u l a r l y  
impor tan t  i n  de te rmining  t h e  behavior  of  t h e  model. They a r e  
nega t ive  loops  t h a t  a c t  t o  r e g u l a t e  food pe r  c a p i t a  by d i r e c t i n g  
inves tment  t o  land  development o r  t o  a g r i c u l t u r a l  i n p u t s  ( f e r t i l i z e r ,  
p e s t i c i d e s ,  e t c . ) ,  depending on t h e  r e l a t i v e  margina l  p r o d u c t i v i t i e s  
of each  op t ion .  Numerous minor loops  i n  t h e  model r e p r e s e n t  
c o n t r a i n t s  t o  a g r i c u l t u r a l  o u t p u t  th rough l and  f e r t i l i t y ,  e r o s i o n ,  
p o l l u t i o n ,  d iminish ing  r e t u r n s ,  and t h e  g l o b a l  l i m i t  o f  
p o t e n t i a l l y  a r a b l e  land.  
F i g u r e  2 
Causal- loop diagram,  a g r i c u l t u r e  s e c t o r  of WORLD3 
3. Comparison with a  Reference S t r u c t u r e  
The c a u s a l  diagram may provide  a  s imple  r e p r e s e n t a t i o n  of 
what i s  conta ined  i n  a  model, b u t  it does  no t  i n d i c a t e  c l e a r l y  
what i s  omit ted .  I n  o r d e r  t o  compare t h e  comprehensiveness 
of models,  we have evolved a  t h i r d  way of r e p r e s e n t i n g  them. 
By combining t h e  c a u s a l  diagrams of a l l  t h e  a g r i c u l t u r a l  
models i n  our  s tudy ,  we produced a  compendium of a l l  t h e  e lements  
and i n t e r r e l a t i o n s h i p s  t h a t  any modeler had though t  impor t an t  
t o  a g r i c u l t u r a l  systems. Of course  t h e r e  was a  g r e a t  d e a l  
of  ove r l ap ;  eve ry  model conta ined  an a g r i c u l t u r a l  p roduc t ion  
f u n c t i o n  and a  measure of  a g r i c u l t u r a l  o u t p u t ,  f o r  i n s t a n c e .  
The a r e a s  of o v e r l a p  i n d i c a t e d  t h e  most b a s i c ,  obvious,  and 
impor t an t  a s p e c t s  of  g e n e r a l  a g r i c u l t u r a l  systems.  F igu re  3 
i l l u s t r a t e s  i n  causa l - loop  format  t h e  e lements  and r e l a t i o n s h i p s  
t h a t  most o f t e n  appeared i n  t h e  models. 
I m p l i c i t  i n  t h e  arrows of F igu re  3 a r e  a  number of  
ex t remely  complex rea l -wor ld  phenomena, which a r e  inc luded  i n  
t h e  models i n  a  v a r i e t y  o f  d i f f e r e n t  mathematical  forms. For 
i n s t a n c e ,  a l l  t h e  a r rows  l e a d i n g  from investment  t o  c a p i t a l ,  
energy ,  and t h e  o t h e r  f a c t o r s  of product ion  imply a  s e t  of 
inves tment  a l l o c a t i o n  d e c i s i o n s  t h a t  could i nc lude  op t imiza t ion ,  
c o s t s ,  margina l  r e t u r n s ,  p r o f i t s ,  i n v e n t o r i e s ,  f i nanc ing ,  
product ion  d e l a y s ,  and many o t h e r  c o n s i d e r a t i o n s .  The m u l t i p l e  
a r rows  from t h e  f a c t o r s  of  product ion  t o  a g r i c u l t u r a l  o u t p u t  
can  be r ep re sen ted  by a  s imple  Cobb-Douglas product ion  f u n c t i o n ,  
by a n  inpu t /ou tpu t  ma t r ix ,  o r  by a  s e t  of e c o l o g i c a l  and 
Figure 3 
Most basic elements and relationships in 
agricultural models 
maintenance 
b i o l o g i c a l  r e l a t i o n s h i p s .  S imi l a r  complex i t i e s  a r i s e  i n  t h e  
a l l o c a t i o n  of  o u t p u t  between comsumption and sav ings ,  i n  
t h e  r e p r e s e n t a t i o n  of t h e  p o p u l a t i o n ' s  consumption h a b i t s ,  
and i n  t h e  i n f l u e n c e  of  food,  income, and o t h e r  f a c t o r s  on 
t h e  popu la t i on  growth r a t e .  
I f  F igu re  3 i s  redrawn t o  emphasize t h e s e  r e c u r r i n g  
r e l a t i o n s h i p s  where s o c i a l ,  economic, and p h y s i c a l  f a c t o r s  
i n t e r a c t  t o  i n f l u e n c e  human d e c i s i o n s ,  t h e  diagram i n  F i g u r e  4 
emerges. Th i s  i s  n o t  a  causa l - loop  diagram of  t h e  format  
used i n  p rev ious  f i g u r e s  i n  t h i s  paper .  I n s t e a d  it emphasizes 
t h e  d e c i s i o n  f u n c t i o n s  i n  t h e  system, by e n c l o s i n g  them i n  
boxes. Popula t ion  s i z e  and m a t e r i a l  s t a n d a r d  of  l i v i n g  a r e  
i n p u t s  t o  a  s e t  of socioeconomic f a c t o r s , c a l l e d  a  Consumption 
Funct ion ,  t h a t  de te rmines  e f f e c t i v e  demand. T h i s  demand, 
t o g e t h e r  w i t h  a g r i c u l t u r a l  o u t p u t  ( s u p p l y ) ,  e n t e r s a n  Output 
A l l o c a t i o n  Funct ion  t h a t  de te rmines  how o u t p u t  i s  d i v i d e d  
between c u r r e n t  consumption and inves tment ,  and a l s o  how 
both  consumption and inves tment  a r e  d i s t r i b u t e d  over  t h e  popula t ion .  
The a c t u a l  consumption ( m a t e r i a l  s t anda rd  of  l i v i n g )  and i t s  
d i s t r i b u t i o n ,  combined wi th  demographic f a c t o r s ,  i n f l u e n c e  
t h e  popu la t i on  growth r a t e  through a  Popu la t i on  I n c r e a s e  Funct ion .  
Popu la t i on  de t e rmines  t h e  s i z e  of  t h e  l a b o r  f o r c e ,  which e n t e r s  
t h e  Product ion  Funct ion ,  a long  w i t h  a l l  t h e  non-human f a c t o r s  of  
product ion .  
F igu re  4 r e p r e s e n t s  t h e  most b a s i c  e lements  of a  s t r i c t l y  
a g r i c u l t u r a l  model, b u t  s e v e r a l  of  t h e  models w e  i n v e s t i g a t e d  
d i d  n o t  r e s t r i c t  themselves  t o  a g r i c u l t u r e  a lone .    hey recognized 
Figure  4 
Basic  e lements  redrawn t o  emphasize d e c i s i o n  f u n c t i o n s  
POPULATION 
INCREASE 
FUNCTION 
CONSUMPTION 
FUNCTION 
of  l i v i n g  
e f f e c t i v e  
demand 
OUTPUT 
ALLOCATION 
FUNCTION 
l a b o r  \ i n v e s t a b l e  
o u t p u t  
ou tpu t  
INVESTMENT 
ALLOCATION 
PRODUCTION FUNCTION 
FUNCTION 
f a c t o r s  of 
important interactions with the industrial sector, both in 
competition for labor and resources, and in the improvements 
of agricultural inputs and capital that come from a developed 
industrial economy. A two-sector expansion of Figure 4 is 
shown in Figure 5. A Labor Allocation Function has been 
added to distribute labor between industry and agriculture, 
an Industrial Production Function supplements the agricultural 
one, and a Resource Availability Function represents the costs 
of various factors of production. 
We intend to use the structure represented in Figure 5 
as a reference structure, to which the actual structures of 
the models under study will be compared. We postulate that 
the relationships and decision functions shown in Figure 5 
actually exist in every real economic system. Thus any model 
can be characterized by 
1. which relationships and decision functions it includes and 
omits, and 
2. how it represents the basic decision functions . 
Although the use of a reference structure is a test of 
model comprehensiveness, we do not mean to imply that a more 
comprehensive model is necessarily "better" than one that omits 
part of the reference structure. Models are necessary in the 
first place because the real world is too complex to understand 
in all its detail. Models must be simplifications. Any model 
that contained all the relationships in Figure 5 and represented 
all the decision functions in complete detail would be incompre- 
hensible, and useless, except as a black box (and if one must 
use a black box, the real world will serve as well as a model). 
Figure  5 
Reference S t r u c t u r e  
POPULATION INCREASE CONSUMPTION 
FUNCTION FUNCTION 
(demographic t r a n s -  ( goa l s  and d e s i r e s ,  
i t i o n ,  ma l nu t r i t i on ,  u l t u r e ,  s t a t u s ,  
educa t ion ,  c u l t u r e )  a b i t ,  a d v e r t i s i n g )  
OUTPUT ALLOCATION 
l abo r  FUNCTION 
f o rce  
e l f a r e  t r a n s f e r s ,  
INDUSTRIAL AGRICULTURAL 
PRODUCTION FUNCTION PRODUCTION FUNCTION 
( technology ,  s c a l e  ( technology,  weather ,  
f a c t o r s ,  d imin ish ing  g e n e t i c s ,  p e s t s ,  
r e t u r n s ,  e f f i c i e n c y )  c u l t u r a l  h a b i t s )  
i n d u s t r i a l  
f a c t o r s  of  
f a c t o r s  of  
LABOR ALLOCATION INVESTMENT ALLOCATIOK 
FUNCTION 
( s k i l l s ,  unions,  wages (marginal  r e t u r n s ,  
m i g ra t i on ,  mob i l i t y ,  
d i s c r i m i n a t i o n )  
r e sou rce  use ,  
p o l l u t i o n  
RESOU8CE AYAILABILITY 
FUNCTION 
(technology,  e r o s i o n ,  
d e p l e t i o n ,  p o l l u t i o n ,  
s u b s t i t u t i o n )  
Since  eve ry  model must omit and s i m p l i f y ,  t h e  omissions and 
s i m p l i f i c a t i o n s  of each model must be judged i n  t h e  l i g h t  of  
t h e  model 's  purpose. A.model in tended f o r  p r e c i s e  p r e d i c t i o n  
of a  few c lose ly - l inked  v a r i a b l e s  over  a  s h o r t  t ime hor izon 
may focus  on one d e c i s i o n  f u n c t i o n  from F igure  5 i n  g r e a t  d e t a i l ,  
while  t r e a t i n g  t h e  r e s t  of t h e  system a s  exogenous. On t h e  
o t h e r  hand, a  long-term model des igned t o  exp lo re  q u a l i t a t i v e  
t r e n d s  may inc lude  n e a r l y  eve ry th ing  i n  t h e  system, b u t  r e p r e s e n t  
none of  it i n  d e t a i l .  
WORLD3 was in tended a s  a  broad,  shal low model, r a t h e r  than  
a  narrow, deep one. I ts  purpose was to exp lo re  t h e  b a s i c ,  long-term 
behav io ra l  t endenc ie s  of t h e  g l o b a l  population/economic system. 
Therefore  one would expec t  it t o  c o n t a i n  most of t h e  r e f e r e n c e  
s t r u c t u r e ,  and, a s  F igure  6 i n d i c a t e s ,  it does.  The lqbor  
s e c t o r  uas omit ted ,  on t h e  assumption t h a t  over  t h e  time horizon 
of  t h e  model (1900-2100) l abo r  would n o t  be a  l i m i t i n g  f a c t o r  
i n  production.  The t r ea tmen t  of t h e  v a r i o u s  d e c i s i o n  f u n c t i o n s  
i s  i n d i c a t e d  b r i e f l y  i n  t h e  boxes; a  more complete o u t l i n e  fo l lows:  
Popula t ion  Inc rease  Function 
popula t ion  change = b i r th s -dea ths  (no mig ra t ion )  
b i r t h s  i n f luenced  by age s t r u c t u r e ,  h e a l t h ,  fami ly  p lanning ,  
compensation f o r  i n f a n t  m o r t a l i t y ,  
demographic t r a n s i t i o n  ( long term) 
economic booms and r e c e s s i o n s  ( s h o r t  term) 
d e a t h s  in f luenced  by food per  c a p i t a  
h e a l t h  s e r v i c e s  pe r  c a p i t a  
p o l l u t i o n  
crowding 
(All  r e l a t i o n s h i p s  a r e  non l inea r ,  most a r e  de layed)  
Figure  6 
Comparison of WORLD3 wi th  r e f e r ence  s t r u c t u r e  
FUNCTION 
sumption, h i s t o r i c  
ou tput=land*yie ld)  ' 
determinec 
p o l l u t i o n  
RESOURCE AVAILABILIT 
FUNCTION 
l i m i t e d  pool ,  ~ e r f e c t  Kit; i i m i t  4. 
t o  p o l l u t i o n  a b s o r p t i  n 
Consumption Function 
Des i re  f o r  food , se rv i ces ,  i n d u s t r i a l  goods determined by 
i n d u s t r i a l  ou tpu t  pe r  c a p i t a  according  t o  h i s t o r i c  t r end .  
I n d u s t r i a l i z a t i o n  causes  s h i f t  i n  emphasis from food t o  i n d u s t r y  
t o  s e r v i c e s .  A l l  d e s i r e s  a r e  s a t u r a b l e .  
Output A l l o c a t i o n  Funct ion  
Constant  43% t o  m i l i t a r y  and nondurable consumer goods 
A l l o c a t i o n  t o  food and s e r v i c e s  depends n o n l i n e a r l y  on gap between 
d e s i r e d  and a c t u a l  l e v e l s .  
Res idual  i s  a l l o c a t e d  t o  inves tment  
No t r ea tmen t  o f  d i s t r i b u t i o n  equ i ty - - - a l l  goods assumed d i s t r i b u t e d  
according  t o  c u r r e n t  worldwide p a t t e r n s  
I n d u s t r i a l  Product ion  Funct ion  
ou tpu t  = ca i t a l  
-=--r- 
f r a c t i o n  o f  
c a p l t a  o u t p u t  * 1 - c a p i t a l  a l l o c a t e d  
r a t i o  t o  o b t a i n i n g  
r e sources  
Cap i t a l -ou tpu t  r a t i o  constant---no d iminish ing  r e t u r n s  
C a p i t a l  = i n t e g r a t i o n  of p a s t  inves tments  and d e p r e c i a t i o n  
F r a c t i o n  of c a p i t a l  a l l o c a t e d  t o  o b t a i n i n g  r e sources  r e p r e s e n t s  
h ighe r  c o s t s  wi th  i n c r e a s i n g  d e p l e t i o n  
A g r i c u l t u r a l  Product ion  Function 
o u t p u t  = land* land  y i e l d  
land  i n c r e a s e d  by development, decreased  by e r o s i o n  and urban- 
i n d u s t r i a l  expansion 
land  y i e l d  determined by i n h e r e n t  s o i l  f e r t i l i t y ,  p o l l u t i o n ,  
a g r i c u l t u r a l  i n p u t s  (with d iminish ing  r e t u r n s )  
Labor A l l o c a t i o n  Function 
omi t t ed  
Investment Allocation Function 
Capital and resources are only factors of production on industrial 
side---resources for current operation are given priority 
over capital expansion 
Decision between current inputs and land development on agricultural 
side determined by relative marginal productivities. 
Sufficient allocation to land maintenance, except under severe 
food shortage 
Resource Availability Function 
Nonrenewable resources---undifferentiated pool, perfect substitution, 
cost goes up nonlinearly as pool depleted 
Land---limited stock of potentially arable land, cost of 
development increases as stock depleted 
Pollution absorption---maximum rate of natural pollution 
absorption, pollution itself interferes with the absorption 
mechanisms. 
In applying these three structural representation techniques--- 
verbal listing of major assumptions, causal-loop diagramming, 
and comparison with a reference structure---to our own model 
and to others, we have concluded that each reveals something 
important about the model, none is sufficient in itself, and 
all three together provide a useful summary of a model's primary 
assumptions. All three can be understood by a policy-maker with 
no special technical training. We believe that a major advantage 
of computer models over mental models is that they are precise 
and explicit and accessible for evaluation and criticism. In 
order for that advantage to be realized and for decision-makers 
to be able to select the most useful models for their purposes, 
the models must be expressed in terms they can understand. It 
is up to us, the modelers, to make our models understandable. 
Discussion 
Cole stressed the importance of the Meadows paper, adding that one 
-
should not only assess a particular "decision maker", but also analyze how 
the information is being used and try tc understand how it is being assimi- 
lated in the socio-political process. There is a vociferous debate taking 
place as to what extent political considerations are compatible with scien- 
tific method. 
It is important to understand the relationship between the scientific 
method involved and the political considerations. Part of the study should 
therefore be devoted to an assessment of how this relationship can be improved. 
Spharim stressed the importance of including,in an investment function, 
the resources allocated to agricultural research. In the future, this may 
prove to be of much greater relevance than many other factors. Parikh, 
following the line of reasoning of Cole, stressed that, when trying to im- 
plement his findings, the modeler often conflicts with vested interests. It 
is an open question as to what extent the modeler himself should indulge in 
lobbying, organizing, advertising, and stimulating public opinion. 
In reply to several questions, Meadows repeated that a model should not 
be considered a better model simply because it covers more aspects than 
another model. The decisive criterion should be to what extent a model in- 
cludes all that is needed to address its purpose--that is, the phenomenon 
under investigation. Waelbroeck opined that, in addition to clarifying his 
thoughts to the policy maker, the model builder should in the future try to 
take into account more closely the actual decision variables. Kulikowski 
stressed the need for the modeler to bear in mind who the decision maker is. 
Situations may appear differently vis-'a-vis different decision makers. 

S e n s i t i v i t y  ~ n a l y s i s  of the  Food Model 
(Lat in American World Model) 
Gi lber to  C.  ~ a l l o ~ i n  
INTRODUCTION 
The parameters of global  models a r e  a f f e c t e d  by e r r o r s  t h a t  a r e  o f t e n  
very d i f f i c u l t  o r  even impossible t o  es t imate .  The conclusions and numeri- 
c a l  va lue  of the  outputs  a r e  genera l ly  dependent upon t h e  values of the  
parameters. It i s  t h e r e f o r e  important  t o  ensure t h a t  t h e  output  of the  model 
does no t  change d r a s t i c a l l y  with r e l a t i v e l y  small v a r i a t i o n s  of t h e  param- 
e t e r s ;  t h a t  i s ,  t h a t  the model i s  s t a b l e  with respec t  t o  parameter v a r i a t i o n .  
A dynamic model can be charac te r ized  by the r e l a t i o n  
where X i s  an input  v e c t o r ,  Y i s  an output  v e c t o r ,  and A i s  an opera tor ,  q  i s  
the  i n i t i a l  s t a t e  and parameter vec tor ,  and t i s  time. The system (1) w i l l  
be considered here a s  s t a b l e  i f  
F(t,Aq) = I (  Y(t,q + Aq) - Y(t ,q )  1 1  < E f o r  ( 1  ~ q  J J  < 6 . 
I n  general  f o r  complex, non-linear, dynamic models, the  e f f e c t  of a  
v a r i a t i o n  i n  the  values of the  parameters w i l l  be time-dependent--that i s ,  a  
given v a r i a t i o n  w i l l  imply a  d i f f e r e n t  F a t  d i f f e r e n t  ins tances  of time. The 
s t a b i l i t y  of the  output  vis-2-vis small v a r i a t i o n s  of the  parameters, t h a t  i s ,  
the  p reserva t ion  of the q u a l i t a t i v e  p i c t u r e  of the  t r a j e c t o r i e s  Y ( t ) ,  i s  c a l l e d  
structural  s t a b i l i t y  [ I ] .  An i n d i c a t i o n  of the  s t r u c t u r a l  s t a b i l i t y  of the  
system f o r  individual variations of the  parameters can be represented by 
where q  i s  t h e  i n i t i a l  s t a t e  and parameter vec tor ,  and p i  i s  an individual  
parameter no t  i n  q. Thus 
If equation (3)  has a limiting value as Api approaches zero, we get 
Lim ~(t,q,Api) = dF(tsq,Pi) = ~ ( t , ~ , ~ i )  , 
Ap i+o 
Api d pi 
which is essentially the same as Tomovic's dynamic sens i t i v i t y  coe f f i -  
cient [I]. 
If the system is in a steady state, then 
F(t,s.Api) = F(q,Api) and S(t,q,pi) = S(q,pi) , (5) 
which is the s t a t i c  sens i t i v i t y  coef f ic ient .  
The dynamic sensitivity coefficient generally will depend on the origi- 
nal value of the parameter under consideration (pi), and also on the time 
and on the values of the other parameters of the system (q). Given that the 
parameters are usually defined in different units, for the purposes of com- 
paring the sensitivity of the system to different individual parameter 
variables, we will define a relat ive  sensi t iv i ty  coef f ic ient  in the 
following way: 
where SR is the relative sensitivity of the output to parameter pi, 
measured in terms of the percent change in the output divided by the per- 
cent change in the parameter. In the limit, ASR = SR(t,q,pi). The 
sensitivity measures defined above indicate the effect of small perturba- 
tions in the values of the individual parameters the output which is of 
the system. The numerical values of the coefficients indicate the param- 
eter that is important in terms of output modification, when varying one 
parameter at a time. Besides, if the output is relatively insensitive to 
a particular parameter variation, the exact value of the parameter is not 
worth determining. 
When considering the simultaneous variation of the parameters, the 
problem changes. In general, the effect of the simultaneous perturbation 
of the parameters on the output will not be a linear combination of the 
effects of the individual perturbations. Also, a model insensitive to the 
perturbation of all parameters, perturbed one at a time, may be very sensi- 
tive to a joint combination of perturbations in the parameters. For simu- 
lation models, even with small numbers of parameters, calculating the 
effects of different combinations of perturbations becomes an unmanage- 
able problem, considering the number of combinations and the fact that 
each evaluation of the output is a complete run of the model. We there- 
fore decided to use the method described by Skolnik and Talavera [2] for 
maximizing the output ~erturbation F(Aq) at a given time, subject to 
restrictions in the perturbation in the parameters. (This is essentially 
a non-linear programming method, derivative free.) 
Using this computational method, we are able to identify that combina- 
tion of parameter perturbations which produces the maximum perturbation 
in the output, in the neighborhood of the the initial state and parameter 
vector. If such an output perturbation does not change the results 
qualitatively, the model can be considered insensitive to parameter varia- 
tion and the conclusions are robust. If the opposite is the case, it can 
be concluded that the model is unstable for at least one combination of 
parameter perturbations. 
THE MODEL 
The sensitivity analysis was performed upon the food model of the 
Latin American World Model. (The Sensitivity analysis of the World Model 
is not feasible, because of the enormous computer time required.) The 
food model was run separately from the World Model; for the economic input 
for each year, we used the same sequence of inputs allocated to the food 
sector in the run of the World Model. This does not imply that the food 
model with its parameters perturbed would have received exactly the same 
sequence of inputs from the Whole Model. The latter optimizes for every 
year the allocation of economic resources to food according to the current 
state of the economy and to the level of satisfaction of basic needs. 
The output criterion used is PERS, the number of persons that could 
be fed at the assumed per capita level of consumption. The procedure was 
to obtain the combination of parameter and initial value perturbations 
which maximize the difference between PERS in the perturbed run and PERS in 
the standard run for the year 2009, that is, thirty years after the begin- 
ning of the run. 
The sensitivity was performed for the four blocks of the food model: 
Developed Countries, Latin America, Africa, and Asia. For the four blocks, 
the model differs only in the values of the parameters and initial values; 
this implies that the analysis was performed around four different param- 
eter combinations. 
The parameters studied are as follows: 
COSTF = unit cost of fertilizer, soil erosion and fertility control, 
3 
and other agricultural inputs ($110 tons); 
PA1 = agricultural losses in developing countries, final (dimension- less) ; 
PAo = agricultural losses, initial (dimensionless); 
PG1 
= terrestrial animal ~roduction losses in developing countries, 
final (dimensionless); 
PGo = terrestrial animal production losses, initial (dimensionless); 
PP = losses in fishery (dimensionless); 
KAC = fraction of arable land allocated to growing major food crops 
(dimensionless); 
6 REMAX = maximum agricultural yield (10 Kcallha); 
KGK = unit cost of animal ~roduction increase ($/Kcall; 
0 
TPAS = animal production from potential grazing lands (10 Kcal); 
KPK = unit cost of fishery production increase ($/Kcall; 
EFIG = efficiency of conversion to animal edible carcass (dimension- 
less) ; 
PESMAX = maximal annual fishery production (Kcal) ; 
CAPE = annual caloric consumption per capita (~cal/~ersons/~ear); 
3 
TCo = arable land, initial (10 ha); 
FEPo = fertilizer production, initial (10 3 tons); 
GANAKo = animal production, initial (Kcal); 
PESKo = fishery production, initial (Kcal); 
3 TPCUo = potentially arable land, initial (10 ha); 
URBT = urbanization rate, total (halyear). Here, it was introduced 
as a constant value. 
The output criterion is: 
PERS = number of persons that could be fed at the assumed CAPE 
6 in the year 2009 (10 personslyear) 
RESULTS 
The values of the parameters and the initial state of these variables 
whose effects were studied appear in Table 1 for the four blocks of the 
model. Two kinds of analysis were performed: sensitivity to individual 
parameter variation, and sensitivity to joint parameter variation. 
Table 1. Standard values of the parameters and initial state of the 
variables in 1980, and the value of the output (PERS in 2009) 
in the standard run. 
Parameter 
COSTF 
PA1 
pAo 
PG1 
PGo 
PP 
KAC 
REMAX 
KGK 
TPAS 
KPK 
PESMAX 
CAPE 
EFIG 
TCo 
FEPo 
GANAKo 
PESKo 
TPCUo 
URBT 
PERS 2009 
Developed 
Countries 
Latin 
America 
.7692 E6 
.10 
.30 
.10 
.30 
.17 
.529 
.10 
.I17 E-3 
.4926 El3 
.550 E-4 
.I546 El4 
.I095 E7 
.21 
.I214 E6 
.I038 E5 
.4151 El4 
.I549 El4 
.7358 E6 
0 
.7068 E9 
Africa Asia 
Individual Parameter Variation 
The individual parameters studied are as follows: COSTF, PA1, PAo, 
PG1, KAC, REMAX, TC, TPCU and CAPE. The model was run with one parameter 
perturbed in +5%, +lo%, -5% and -10% of the standard value for each of the 
blocks of the model. The results are given in Table 2. 
As can be seen from the table, the effect of a given percent increase 
is not always the same as the effect of an equivalent decrease, owing 
to the non-linearities of the model. The effect on the output appears to 
decrease or to increase monotonously with the magnitude of the disturbance 
in the parameters. The computational procedure of Skolnik and Talavera 
[2] was used for studying the individual variables in order to determine 
whether an intermediate value of the parameters would have a stronger 
effect than do the values explored in Table 2. For all cases no intermediate 
value with a stronger effect was detected. 
The data i n  Table 2 a l s o  show that for  CAPE, i f  the parameters are 
varied one a t  a time within the range of lo%,  the maximum variat ion i n  the 
output i s  +11% i n  a l l  blocks,  and the var iat ion  increases  monotonously 
Table 2 .  E f f e c t s  o f  individual parameter 
var iat ion  on PERS i n  the  year 2009. 
* 
Var. percent is percent variation in the parameter; 
** 
effect percent is percent difference in PERS 2009 with respect to original 
value; 
*** 
Varleffect is the relative sensitivity coefficient. 
Para- Var. 
meter 
COSTF 
CAPE 
PA1 
PAo 
PG1 
REHAX 
TCo 
TPCUo 
X* 
10 
- 
-10 
10 
5 
-5 
-10 
10 
5 
-5 
-10 
10 
5 
-5 
-10 
10 
5 
-5 
-10 
10 
5 
-5 
-10 
10 
5 
-5 
-10 
10 
5 
-5 
-10 
10 
5 
-5 
-10 
Asia 
Effect 
(in %) 
-2.7 
-1.4 
r1.5 
+2.7 
--9.1 
-4.8 
+5.3 
+11.1 
-1.1 
-0.5 
+0.5 
+1.1 
0 
0 
0 
0 
-0.02 
0 
0 
+0.02 
+9.8 
+4.9 
-4.9 
-9.8 
0 
0 
-1.0 
-3.3 
+6.4 
+3.3 
-3.3 
-7.0 
0 
0 
0 
0 
Var/ 
eff. 
4 . 2 7  
4 . 2 8  
+O. 29 
+0.27 
-0.95 
-0.91 
+1.05 
+1.11 
-0.11 
-0.11 
+0.11 
+0.11 
0 
0 
0 
0 
4 . 0 0 2  
0 
0 
+0.002 
+0.98 
+0.98 
-0.98 
-0.98 
0 
0 
-0.20 
-0.33 
+0.64 
+0.65 
-0.67 
-0.70 
0 
0 
0 
0 
Var/ 
eff. 
-0.07 
-0.07 
+0.08 
+0.08 
-0.95 
4 . 9 1  
+1.05 
+1.11 
4 . 1 0  
-0.10 
+0.10 
+0.10 
0 
0 
0 
0 
-0.01 
-0.01 
+0.01 
+0.01 
+0.94 
+0.94 
-0.93 
-0.94 
+0.65 
M.67 
-0.70 
-0.72 
+0.66 
+0.66 
-0.66 
-0.66 
0 
0 
0 
0 
Latin 
America 
Effect 
(in X) 
-0.7 
-0.4 
+0.4 
+0.8 
-9.1 
-4.8 
+5.3 
+11.1 
-1.0 
-0.5 
+0.5 
+1.0 
0 
0 
0 
0 
-0.1 
-0.03 
+0.03 
a.l 
+9.4 
+4.7 
4 . 7  
-9.4 
+6.5 
+3.3 
-3.5 
-7.2 
+6.6 
+3.3 
-3.3 
-6.6 
0 
0 
0 
0 
Developed 
Countries 
Effect1 
(in %)** 
4 . 2  
-0.1 
+0.1 
+0.2 
-9.1 
-4.8 
+5.3 
+11.1 
- 
- 
- 
- 
-1.0 
4 . 5  
+0.5 
+1.0 
- 
- 
- 
- 
+9.0 
+4.5 
-4.5 
-9.1 
+6.4 
+3.3 
-3.5 
-7.3 
+6.1 
+3.1 
-3.1 
-6.3 
+0.3 
+0.2 
-0.3 
4 . 8  
Effect 
(in 2)  
-1.1 
-0.5 
+0.5 
+1.1 
-9.1 
-4.8 
+5.3 
+11.1 
-1.1 
-0.5 
+0.5 
+1.1 
0 
0 
0 
0 
0 
0 
0 
0 
+9.9 
+5.0 
-5.0 
-9.9 
+6.8 
+3.5 
-3.7 
-7.6 
+8.2 
+4.2 
- 4 1  
-8.2 
0 
0 
0 
0 
Var/ 
eff.*** 
4.02 
-0.02 
+0.02 
+0.02 
-0.95 
-0.91 
+1.05 
+1.11 
- 
- 
- 
- 
-0.10 
-0.10 
+0.10 
+o. 10 
- 
- 
- 
- 
+0.90 
+0.90 
-0.91 
-0.91 
M.64 
a.66 
-0.70 
4 . 7 3  
M.61 
+0.61 
-0.63 
-0.63 
+0.03 
+0.08 
-0.06 
-0.08 
Africa 
Var/ 
eff. 
4 . 1 1  
-0.11 
+O. 11 
+0.11 
-0.95 
-0.91 
+1.05 
+1.11 
-0.11 
-0.11 
+0.10 
+0.11 
0 
0 
0 
0 
0 
0 
0 
0 
+0.99 
+1.00 
-0.98 
-0.98 
+0.68 
+0.71 
4 . 7 4  
-0.76 
M.82 
+0.83 
-0.82 
-0.82 
0 
0 
0 
0 
with  t h e  per tu rba t ion .  It can be concluded t h a t  the  model is  s t a b l e  wi th  
respec t  t o  ind iv idua l  v a r i a t i o n s  of t h e  parameters i n  t h e  neighborhood of 
t h e  s tandard va lues .  
The parameters a r e  ranked i n  Table 3 according t o  t h e  maximum e f f e c t  
t h e i r  p e r t u r b a t i o n  produced on t h e  output  f o r  t h e  f o u r  blocks.  The sens i -  
t i v i t i e s  were ca lcu la ted  f o r  one i n s t a n t  of time, namely, t h e  year  2009, 
and they need no t  be (indeed they probably a r e  no t )  s i m i l a r  t o  the  sens i -  
t i v i t i e s  c a l c u l a t e d  with re fe rence  t o  o t h e r  years .  For ins tance ,  t h e  
model's s e n s i t i v i t y  t o  changes i n  t h e  i n i t i a l  va lue  of TPCU w i l l  be very 
high once land becomes a  l i m i t i n g  f a c t o r  (which could be t h e  case  a f t e r  
t h e  year  2009). The i n t e r v a l  of 30 years  from 1980 t o  2009 seems a rea- 
sonable horizon f o r  medium-term a n a l y s i s .  Nevertheless ,  the  d i scuss ion  
about t h e  f a c t o r s  should take  i n t o  cons idera t ion  the  above cau t ion .  
Table 3. Order of  importance of  t h e  parameters  f o r  
ou tpu t  modi f ica t ion  and t h e i r  maximum r e l a t i v e  
s e n s i t i v i t y  (RS) . 
Asia Rank 
1 
2 
3 
4 
5 
6 
7 
8 
Parameter 
CAPE 
KAC 
TCo 
R E W  
COSTF 
PA1 
PG1 
TpCUo. 
PAo 
Africa 
Parameter RS 
Latin 
America 
RS 
1.11 
0.98 
0.70 
0.33 
0.29 
0.11 
0.002 
0 
CAPE 
KAC 
TCo 
REMAX 
COSTF 
Parameter 
CAPE 
KAC 
REMAX 
TCo 
PA 1 
COSTF 
PG1 
PA0 . 
TPCUo 
Developed 
Countries 
1.11 
0.99 
0.82 
0.76 
0.11 
RS 
1.11 
0.94 
0.72 
0.66 
0.10 
0.08 
0.01 
0 
Parameter 
CAPE 
KAC 
REMAX 
TCo 
PAo 
TPCUo 
COSTF 
PAovPG1 I O 
TPCUo 
RS 
1.11 
0.91 
0.73 
0.63 
0.10 
0.08 
0.02 
The most important s i n g l e  parameter i n  the  model f o r  a l l  blocks i s  
CAPE. While t h i s  i s  c l e a r l y  no t  a  c o n t r o l l a b l e  f a c t o r ,  i t  shows t h a t  a  
good es t imate  of c a l o r i c  requirement i s  important f o r  t h e  model. The 
second important f a c t o r  f o r  a l l  blocks i s  KAC. With the  except ion of 
Asia ,  a l l  blocks use only about one ha l f  of t h e i r  a r a b l e  land f o r  pro- 
ducing major food crops,  and t h i s  parameter i s  no t  var ied  i n  the  model. 
An immediate mechanism f o r  increas ing  food product ion i s  t h e r e f o r e  t o  
increase  the  KAC. This should be p a r t i c u l a r l y  f e a s i b l e  i n  Afr ica .  
The next  f a c t o r s  i n  o rder  of importance a r e  TC and REMAX. Here, 
0' 
a  d i f f e r e n c e  among blocks i s  evident :  REMAX i s  more important than TCo 
f o r  t h e  developed count r ies  and f o r  L a t i n  America, while  t h e  inverse  i s  
t r u e  f o r  Afr ica  and Asia. The r e l a t i v e  s e n s i t i v i t y  with respec t  t o  REMAX 
i s  about t h e  same f o r  the  Developed Countr ies ,  L a t i n  America, and Africa 
(0.73, 0.72, and 0.76, r e s p e c t i v e l y ) .  I n  t h e  run, the  maximal y i e l d  i s  
reached a t  t h e  beginning ( i . e . ,  t h e  year  1980) i n  t h e  Developed Countr ies ,  
i n  1991 i n  L a t i n  America, and i n  2002 i n  Africa.  These th ree  blocks,  
t h e r e f o r e ,  reach maximal y i e l d  before  the  end of t h e  run;  i t  i s  n a t u r a l  
then t h a t  REMAX a f f e c t s  the output  i n  the  year  2009. Asia does not  reach 
6  
maximal y i e l d  (here 15 10 Kcallha) during the run. Thus t h e  output  f o r  
Asia i s  n o t  s e n s i t i v e  t o  an increase  i n  REMAX (see  Table 2) but  r a t h e r  t o  
a  decrease  i n  REMAX because i n  the  year  2009 the y i e l d  i n  Asia i s  expected 
t o  be 98% of REMAX. 
I n  Developed Countries and i n  L a t i n  America, TCo i s  l e s s  important 
than REMAX probably because both blocks reach REMAX e a r l y  i n  the run and 
t h e r e a f t e r  increase  the amount of c u l t i v a t e d  land (20% i n  Developed 
Countr ies  and 25% i n  L a t i n  America); t h e  i n t e r n a l  op t imiza t ion  procedure 
apparen t ly  compensates f o r  the  changes i n  the  i n i t i a l  amount of c u l t i v a t e d  
land. Afr ica reaches the maximal y i e l d  very l a t e ,  and Asia does not  
reach i t  a t  a l l  during t h e  i n t e r v a l  of t h e  run. It t h e r e f o r e  seems very 
reasonable t o  assume t h a t  the e f f e c t s  of TCo a r e  more important than those 
of REMAX. 
The e f f e c t s  of a g r i c u l t u r a l  l o s s e s  (PA o r  PA ) a r e  about the  same 1 
f o r  a l l  blocks,  a f f e c t i n g  d i r e c t l y  the  f i n a l  output ,  and producing a  ~ 1 0 %  
change i n  t h e  l o s s  c o e f f i c i e n t  which i n  t u r n  produces a  51% change i n  the 
remaining f r a c t i o n  (1-PA). The i n i t i a l  value of t h e  losses  i n  developing 
c o u n t r i e s ,  PAo, does n o t  a f f e c t  the output  i n  t h e  year  2009, because these 
l o s s e s  diminish i n  about twenty years ,  t o  t h e i r  f i n a l  va lue  of PA 1' 
COSTF a f f e c t s  the  output  through a  complicated chain:  i t  a f f e c t s  the  
increment i n  f e r t i l i z e r  product ion,  which i n  t u r n  a f f e c t s  t h e  amount of 
f e r t i l i z e r  a v a i l a b l e  every year and the  amount of f e r t i l i z e r  app l ied  per 
h e c t a r e  and, through i t ,  the  cur ren t  y i e l d  i n  a  non-linear fash ion .  Besides,  
t h e  i n t e r n a l  op t imiza t ion  f o r  a l l o c a t i o n  of economic resources t o  agr icu l -  
t u r a l  inputs  and land co lon iza t ion  i s  a f f e c t e d .  Therefore,  the  e f f e c t s  of 
a  change i n  f e r t i l i z e r  c o s t s  depend on whether maximal y i e l d  has been 
a t t a i n e d ,  the r a t e  of land co lon iza t ion ,  e t c ;  the  e f f e c t  of t h a t  parameter 
i s  very s l i g h t  i n  a l l  blocks.  I n  the  time horizon considered,  the s t r o n g e s t  
effect may be observed in Asia, which, to reach the higher yield of 15 
6 10 Kcallha, requires about three times the amount of fertilizer per hect- 
are in the other blocks. 
PG have a very low impact on the output, probably due to the relative 1 
numerical unimportance of animal food when compared with the agricultural 
production. 
Finally, the importance of the initial value of TPCUo is slight in the 
Developed Countries, and has no effect on the output at the year 2009 in the 
other blocks. This is probably due to the fact that in the run Asia does 
not increase the cultivated land, and Africa only increases it by 6%. In 
the model, the effect of TPCU may be seen in the change in unit costs of 
land colonization. Latin America colonizes land, but the cultivated land 
at the end of the run is only about 21% of the potentially arable land and 
therefore the effect upon the colonization costs is very small. In Developed 
Countries, however, about 72% of the potentially arable land is cultivated 
at the end of the run, and land scarcity starts to affect the costs of 
colonization. 
Joint Parameter Variation 
When many parameters are perturbed simultaneously, a sensitivity coef- 
ficient can be calculated. But it is better to present the results in terns 
of the vector of parameter perturbations, with the values of the particular 
perturbation in each parameter and the resulting output perturbation. 
An optimization was used to identify the combination of parameter 
perturbations, within given limits, which produces the "worst" perturba- 
tion in the output. The analysis was performed for the four blocks, 
allowing a perturbation with 5 %  and ~ 1 0 %  of the original values of the 
parameters. The results appear in Table 4. The maximum perturbation in 
the output for the "worst" combination of perturbations within the range of 
+lo% in the parameters is 35.6% in Asia. Considering that individual 
- 
parameter variation can produce an effect as high as 11.1%, the global effect 
is not very high. Comparing the values of the effect for the ~ 5 %  and the 
+lo% allowed variation in the parameters, in the latter case, the effect is 
- 
from 1.48 to 2.69 times the effect with 25% for different blocks. Figure 
1 shows the time behavior of the absolute value of the difference between 
the outputs of the standard run and the perturbed run, for the four blocks. 
Note the differences in the scale between Developed Countries and the other 
three blocks. After a period of rapid increase, the difference tends to 
reach a constant value. Therefore according to equation (2), the model 
can be considered quasi stable for the time horizo~ considered, with no 
qualitative change in its behavior for the "worst" perturbations considered. 
Moreover, were the food model connected to the World Model, those pertur- 
bations would very likely be counteracted by the optimization mechanisms, 
by allocation of economic resources. 
Table 4 .  Effects of joint parameter perturbation. 
COSTF 
I 
PA1 
PAo 
PG1 
PGo 
PP 
KAC 
REHAX 
KGK 
TPAS 
KPK 
Parameter 
EFIG 
PESHAX 
CAPE 
TCo 
FEPo 
GANAKo 
PESKo 
TPCU,, 
URBT** 
PERS 
Developed 
Countries 
VA * 
* 
VA is variation alloved in the uarameter values 
** 
For URBT, the changes indicates the difference between the original (0) value, 
and the perturbed value. 
Latin America 
V A 
Africa 
VA 
Asia 
1 
V A 
,20 1 DEVELOPED COUNTRIES 5% 
AFRICA 5% 
2 
1 :: 
2 
1 
1.20 
1.10. 
ORDINATE: Difference between perturbed and standard values of PERS. 
with the difference at time 0 considered as unity. 
10% 
1 .oo 
LATIN AMERICA 5% 
In conclusion, the robustness of the results of the food model against 
changes in the values of the parameters as high as +10Z has been demon- 
strated for the year 2009. For this year, the relative importance of in- 
dividual parameters has been analyzed. The manipulation of the situations 
represented by the values of the parameters is a possible means for opti- 
mizing the food output in each block. 
References 
[ I ]  ~omovi;, R., S e n s i t i v i t y  Analysis of  Dynamic Systems, McGraw Hill, 
New York, 1963. 
[2] Skolnick, H.D. and L. Talavera, Mathematical and Computational Aspects 
of the Construction of Self-optimizing Dynamic Models, Proc. 2nd 
In ternat .  Symp., Trends i n  Mathematical Modelling. UNESCO, 
Warsaw, 1974 (in press). 
Discussion 
Norse s t a t e d  t h a t  i n  general  a  g r e a t  danger f o r  a  modeler i s  t h a t  he 
may o b t a i n  a  p i l e  of d a t a  from FAO, i n s e r t  them i n t o  a  program, a r r i v e  a t  
some n i c e  c o r r e l a t i o n  c o e f f i c i e n t ,  and d e r i v e  immediate conclusions there-  
from. I n  p a r t i c u l a r ,  he questioned t h e  f e r t i l i z e r  response f o r  La t in  America. 
Niaz added t h a t  i t  i s  s u r p r i s i n g  t h a t  no o ther  input  except f e r t i l i z e r s  should 
have shown p o s i t i v e  c o r r e l a t i o n  wi th  t h e  output  of food crops;  water con- 
s t r a i n t s  could play a  major r o l e .  Weber s t r e s s e d  t h a t  t h e  Bari loche model 
e x h i b i t s  diminishing r e t u r n s  i n  applying f e r t i l i z e r s ,  whereas MOIRA shows 
a  l i n e a r  dependence. I n  h i s  opinion,  the  a v a i l a b l e  d a t a  could not  prove 
e i t h e r  of t h e  two po in t s .  Gal lopin r e p l i e d  t h a t  only a  por t ion  of a l l  
f e r t i l i z e r s  i s  app l ied  t o  food crops.  The Bari loche model may be too pessi-  
m i s t i c  i n  t h e  sense t h a t  i t  assumes t h a t  the  f e r t i l i z e r  i s  d i s t r i b u t e d  evenly 
over a l l  crops;  t h i s  may r e s u l t  i n  an underest imation of food crops a s  a  
func t ion  of t h e  a p p l i c a t i o n  of f e r t i l i z e r s .  However, by assuming t h i s ,  we 
a r e  on the  s a f e  s i d e .  
Bernadini asked why no r e s t r i c t i o n s  der iv ing  from unequal income d i s -  
, i b u t i o n s  have been introduced.  Gal lopin r e p l i e d  t h a t ,  i n  t h e i r  scenar io ,  
s u f f i c i e n t l y  high income r e d i s t r i b u t i o n  i s  assumed. I n  f a c t ,  they made a  
c o n t r o l  run,  maintaining t h e  presen t  income d i s t r i b u t i o n ;  the  r e s u l t s  of 
t h i s  run showed t h a t ,  even under t h e  most favorab le  economic condi t ions ,  
a  s u b s t a n t i a l  p o r t i o n  of the  populat ion would never be a b l e  t o  reach the  
def ined  s a t i s f a c t i o n  of t h e i r  b a s i c  needs. What they regard a s  " i e r t i l i z e r "  
i s  merely an i n d i c a t o r  of d i f f e r e n t  kinds of inputs  t o  a g r i c u l t u r e .  
Niaz asked whether t h i s  meant t h a t  when f e r t i l i z e r  consumption increases ,  
a l l  o t h e r  inputs  would au tomat ica l ly  increase  propor t iona l ly .  Gal lopin 
agrees  t h a t ,  t o  a  c e r t a i n  e x t e n t ,  f e r t i l i z e r s  can be a  proxy f o r  a l l  m a t e r i a l s  
going i n t o  a g r i c u l t u r e .  As t o  diminishing r e t u r n s ,  he bel ieved t h a t  there  
a r e  good t h e o r e t i c a l  reasons t o  consider  them with r e s p e c t  t o  f e r t i l i z e r s  
appl ied t o  land;  but  perhaps no t  f o r  f e r t i l i z e r s  appl ied t o  t h e  p l a n t .  
Et ienne pointed ou t  t h a t  t h i s  p r o p o r t i o n a l i t y  between f e r t i l i z e r  and 
o ther  inputs  may no t  always be v a l i d .  I n  a  number of Asian c o u n t r i e s ,  the 
use  of p e s t i c i d e s  is inc reas ing  much more slowly than the  use of f e r t i l i z e r s .  
Furthermore, the  mix of f e r t i l i z e r s  has  t o  be considered.  When d i scuss ing  
t h e  investment c a p a c i t i e s  of t h e  farmer, one should a l s o  consider  the  con- 
cep t  of minimum economic holding--that i s ,  t h e  holding t h a t  the  farmer has 
a t  t h e  end of a  year t h a t  enables  him t o  have some cash income f o r  f u r t h e r  
development. As t o  physical  c o n s t r a i n t s  versus  s o c i o - p o l i t i c a l  c o n s t r a i n t s ,  
Et ienne s t r e s s e d  the need t o  consider  bo th ;  i t  i s  impossible t o  blame every- 
th ing  on s o c i o - p o l i t i c a l  c o n s t r a i n t s .  I n  many Middle Eas t  count r ies ,  and 
i n  l a r g e  p a r t s  of Afr ica ,  t h e r e  a l s o  e x i s t  s e r i o u s  phys ica l  c o n s t r a i n t s .  
Br iosch i  and Weber questioned whether the  share  of a g r i c u l t u r a l  pro- 
duc ts  fed  t o  animals i s  s u f f i c i e n t l y  depicted i n  the  model. Keyzer gener- 
a l i z e d  t h a t  t h e r e  is  always a  problem where cross-sect ion func t ions ,  t h a t  
have been est imated on a  country l e v e l ,  a r e  used on a  reg iona l  l e v e l ,  i n  
p a r t i c u l a r  where they a r e  nonl inear  func t ions .  Gal lopin r e p l i e d  t h a t  these 
func t ions  have been est imated over t h r e e  po in t s  i n  time: f o r  t h e  period 
1948 t o  1952, f o r  the  year 1965, and f o r  the  year  1970. Thus i t  i s  not  
a  s t r i c t  c ross -sec t ion  a n a l y s i s ;  on the  con t ra ry ,  these  es t imat ions  s u f f i c e  
t o  a r r i v e  a t  an es t imat ion  of the development over time w i t h i n  p a r t i c u l a r  
c o u n t r i e s .  I n  rep ly  t o  E t ienne ' s  remark about p e s t i c i d e s ,  Gal lopin s t a t e d  
t h a t  t h i s  would f a l l  under t h e i r  model assumption t h a t  admin is t ra t iona l  and 
s o c i o - p o l i t i c a l  aspec t s  a r e  no t  c o n s t r a i n t s ;  t h i s  a l s o  a p p l i e s  t o  t h e  in- 
f l u e n c e  of phys ica l  l i m i t s .  While phys ica l  c o n s t r a i n t s  may be a  problem on 
a  l o c a l  l e v e l ,  on a  reg iona l  b a s i s  they a r e  assumed t o  be s u f f i c i e n t l y  
balanced by improved management. 
Niaz added t h a t  i n  many c o u n t r i e s ,  such a s  Pak is tan ,  it has been recog- 
nized t h a t  land i s  not  a  l i m i t i n g  f a c t o r ;  t h e  r e a l  l i m i t i n g  f a c t o r  i s  water .  
Gal lopin r e p l i e d  t h a t  much depends on t h e  l e v e l  of aggregat ion considered.  
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Data inputs  eg on land and water resources,  and 
ce r t a in  fun- t ions ,  such a s  t h a t  f o r  t h e  diminishing marginal response to  
production inputs ,  derived f o r  our Yorld Kodel have been used to  build d i - c r e t e  
sub-models of food production i n  India ,  Bangladesh and Pakistan. The main 
n u t r i t i o n a l  deficiency i s  ccnsidered t o  be food energy, and our nodels 
therefore examine food production and ccnsumption i n  energy terms. These 
aub-models explore three  re ln t ionahips :  
( i )  food output and t h e  cos t s  of production 
( i i )  the  f r a c t i o n  of t h e  GDP which goes on food production f o r  
domestic consumption, and t h e  mean food energy intake. 
( i i i )  t h e  l eve l  of food energy in take  and mortal i ty.  
I n  turn ,  these  re la t ionships  a r e  exposed t o  changes i n  c e r t a i n  exogenous 
inpu t s  t o  the  avsten,  nemely in :  
(a) t he  r a t e  of population increase 
(b)  t he  r e a l  p r i ce  of production inputs  
( c )  the  erowth r a t e  of t h e  economy (CDP) 
 h he views expressed i n  t h i s  paper a r e  those of the authors 
and do not  necessar i ly  coincide with those of the Department 
of the Environment. 
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Rela t ionsh ip  ( i )  Land and water  resources  have been assigned t o  t h e  
a p p r o p r i a t e  agro-cl imatic  zones, t h e  l a t t e r  b e i n g  defined by t h e  l e v e l  and 
d u r a t i o n  of temperature and r a i n  f a l l .  Irritated and non-irr igated land general11 
have d i f f e r e n t  p r c d c c t i v i t i e s  and t h e . e f o r e  they a r e  considered separate1:-. 
Land and water clevelo~ment c o s t s  a r e  p r imar i ly  based on an a ~ ~ a l y a i s  o f  
a g r i c u l t u r a l  development p r o j s c t s  assessed  and/or financed by the  ',irorld Bank 
and o t h e r  agencies .  Appropriete  c o s t s  a r e  a s c r i b e d  t o  d i a f e r e n t  forms of 
i r r i g a t i o n ,  and allowance i s  msde f o r  t h e  r i s e  i;;. c o s t s  a s  grea'er phys ica l  
c o n s t r a i n t s  t o  development a r e  encountered, and a l s o  f o r  a g r i c u l t u r a l  and - 
s o c i a l  i n f r a s t r u c t u r e  c o s t s  i n  a r e a s  no t  p rev ious ly  s e t t l e d .  
Est imates  of  t h e  upper asymptote t o  product ion,  
toge ther  with input-output d a t a  from numerous development pro.jects,  have been 
used t o  produce curves i n  F ig  1 f o r  t h e  diminishing marginal response t o  t h e  
package of  inp1.1ts comonly  used f o r  food production. These inp:l';s a r e  1-.r::ely 
seed and labour  a t  low output  l e v e l s ,  but  incl-ude f e r t i l i z e r ,  p c s t i c i ' + e s ,  and 
mochinn~y a t  h i r h c r  production levi t ls .  The curves  i m p l i c i t l y  t ?ke  i n t o  accc1:nt 
var ia+ . ion  i n  s o i l  type,  cropping p a t t e r n  and l o c a l  climnte. 
The curves i n  Fir: 1 h-ve been used i n  c ~ n j u n c t i o n  
t h e  d a t a  on resource  stocks ant  dc:velo?m.:nc c o s t s  t o  dc:rire all o n t , ' ~ ' ' l  
d.-.velocment s + r ? t e - 1 ~  f o r  e-ch of t h e  !.hree c o u n t r i e s .  3 c h  l ? n d  
resource  s t o c k  has a ' r e a l '  o r  i f  undeve!oped, a not iona l  diminisk,in- m,iri;inal 
r e t u r n  curve. A computer prosrxlme j.3 used. vhicii  s p l i t s  the  incremental  
food energy requirernsnts i n  any civen period i n t o  t e n  equal p a r t s ,  an? scnr?s 
a l l  the  curves t o  d a t e r n i n e  the cheapc:it source of each ten th .  Thus optimisa- 
t i o n  involves  choosini: a t  cach time s t e p  the  t r n n c k o f  land whose p r o d u c t i v i t y  
can be r a i s e d  a t  t h y  lowest ,cost per  u n i t  of  food energy ou tpu t ,  product ion 
beinq abisumed to continue a t  t h e  cur rnn t  love1 on a11 o t h e r  c u l t i v a t e d  l snd .  
When t h e  p r o d u c t i v i t y  of t h i s  t ~ a n c h e  has f a l l e n  t o  t h a t  of t h e  next  most 
favourab le  t ranche,  which may l i e  i n  t h e  same o r  i n  a  d i f f e r e n t  agro-cl imatic  
zone, output  is then i n c r e r s e d  i n  bo th  t ranches ,  and t h e  remaining t ranches  
of c u l t i v a t e d  o r  c u l t i v e b l e  land f o l l o ~ i  i n  t h e  same way; ther:after a l l  
l and  i s  i n  continuous 'developnent ' ,  but not  n e c e s s a r i l y  a t  t h e  same r a t e .  
The opt imal  develo-ment path thus  der ived  f o r  each country depends on t h e  
maintenance of dur ren t  r e l a t i v e  p r i c e s  of imputs: i f  anyone input  (e: f e r t i l i z e r )  
r o s e  i n  p r i c e  r e l a t i v e  t o  ano ther ,  t h e  p a t t e r n  of development would change. 
This  mny be expected t o  happen, bu t  these  s i n p l e  sub-models l a c k  a  r e l a t i v e  
p r i c e  chanee mechanism (houever see l a t e r  comments on the  i jor ld ~ o d e l ) .  
L i t t l e  undeveloped land reya ins  i n  these  3 c o u n t r i e s  
t o  be brou.-ht i n t o  the c u l t i v a t i o n  cyc le ,  and t h e  deve1o:nont algori thra  
shoas th? t  s u b s t a n t i a l  i n c ~ e a s e s  i n  food product ion can only be achieved 
by t h e  increased  use of f e r t i l i z e r s  and i r r i ~ a t i o n .  S ince  many of t h e  product ion 
i n p u t s  depend on d e p l e t i n z  n a t u r a l  resources  eg  f o s s i l  f u e l s  f o r  n i t r o g e n  
f e r t i l i z e r  produ.;.tion, and t h e  pumpin.c 0:' i r r i ~ a t i o n  uat ,er ,  t h e  r e a l  y ~ i c e  
o" t h e s e  i n p u t s  i s  c e r t a i n  t o  i n c r ~ s s e .  I t  is not p o s s i b l e  t c  f ~ r e c a s t  the 
average r a t e  of  chanze i n  i n p u t  p r i c e s  and ther - fore  t h e  e f f e c t  of increnses  
o f  0, 2 and 571/yr e r e  exemined. 
~ e l s t i o n s h i ~  ( i f )  F ig  2. I l l u s t r a t e s  an apparent  r e l a t i o n s h i p  between t h e  
average encrg inta!!e i n  a  country and the  propor t ion  of t h a t  c o u n t r y l s  GD~' 
which i s  devoted t o  t h e  product ion of  food f o r  domes-ic consunption. :he r i ~ h t  
hand curve  r e l a t e s  t o  t h e  p ropor t ion  of the  GDP devoted t o  foorl prudcti.on 
and inc ludes  some processing and m a r k e t i w  c o s t s ,  while  t h e  l e f t  ban* curve 
r e l a t e s  t o  t h e  GDP f r a c t i o n  devoted t o  food product ion a t  farm g a t e  c o s t s ,  
where t h e  l a t t e r  exclude management and investment incomp. F ig  2 sugges t s  that 
t h e  averaTe ca lo- ie  consl:nption .?ecreases p rogress ive ly  a s  a g r . ~ a t e r  and ~r . : z te r  
p ropor t ion  of t h e  CDP has t o  be a l l o c z t e ?  t o  food production. The average 
i n t a k e  becomes insdeqca te  when a  count ry  is  devoting a  h a l f  o r  more of i t s  
GDP t o  food product ion,  such t h a t  only a  small  proport ion i s  a v a i l a b l e  f o r  the  
p r o d i ~ c t j o n  of  a f r ic ! : l+ure l  r,nd/or i n . ? t : ~ t r i n l  coods f o r  export.  
Rela t ionPhi7  ( i i i l  Th is  is  drawn b ~ t s e e n  m o r t a l i t y  r a t e s ,  t h e  mean 
c a l o r i e  i n t a k e  and t h e  d i s t r i b u t i o n  about  t h i s  moan. The va lues  o f  t h e  average 
c a l o r i e  intalke presen ted  i n  F i g  2 a r e  no t  a  s a t i s f a c t o r y  i n d i c a t o r  of n u t r i t i o n a l  
s t a n d a r d s ,  because uneven d i s t r i b u t i o n  of income, a s s o c i a t e d  w i t h  h i . ~ h  in-and 
under-employment m3y r e s u l t  i n  a l a r g e  propor t ion  of t h e  populat ion r e c e i v i n g  
c a l o r i e  inenkes consdderably l e a s  t h a n  t h e  ( n a t i o n a l ;  average. F i g  3 i l l u s t r a t e s  
t h e  uneven c a l o r i e  consumption a c r o s s  a  sampls populf i t ion i n  Pak is tan ,  
toge ther  w i t h  r e s u l t s  from surveys i n  "misia  and Brazi l .  For these  t h r e e  
c o u n t r i e s  t h e  s tandarddoviz t ion  r a w e s  from 164-588 kcal . /capi ta/day i e  2 8, 15 
and 2 47: of t h e  mean r e s p e c t i v e l y .  Given t h a t  t h e s e  v a l u e s  f o r  t h e  s tandard  
d e v i a t i o n  have been c a l c u l a t e d  f r ~ m  household survey d a t a ,  they w i l l  under- 
e s t i m a t e  t h e  extremes of d i s t r i b u t i o n  among a l l  i n d i v i d u a l s  of a  populat ion.  
Although some c o u n t r i e s  may hnve a  skewed d i s t r i b u t i o n  
of  c a l o r i e  i n t a k e ,  examination of  a  range of surveys  has  shown t h a t  a t  t h e  
country o r  reg iona l  l e v e l ,  it is reasonable  t o  assume a normal d i s t r i b u t i o n .  
Survey xsesult hnve been p l o t t e d ,  on p r o b a b i l i t y  paper  t o  g i . .  e  F i g  4 ,  i n  which 
t h e  s tandard d e v i a t i o n  of a l l  of  t h e  surveys i e  380 kcal /capi ta/day is given 
by t h e  s l o p e  of  t h e  l i n e .  F i g  4 h a s  been used t o  produce t h e  family o f  curves 
i n  F i g  5, which i n d i c a t e  f o r  a  g i v e n  mean c a l o r i e  i n t a k e ,  t h e  p ropor t ion  of  
t h e  popula t ion  whose i n t a k e  l i e s  below a s t i p u l n t e d  l e v e l .  These curves 
form p a r t  of  t h e  a lgor i thm which determines t h e  propor t inn  of  t h e  populat ion 
who a r e  malnourished. 
S t a r v a t i o n  w i l l  occur  a f t e r  r. per iod  i n  which t h e  calor ic  
i n t a k e  i s  l e s s  than  t h a t  r e q u i r e d  t o  suppor t  t h e  b a s i c  metabolism under 
c o n d i t i o n s  o f  r e s t i n g  and f a s t i n c ,  o r  is i n s u f f i c i e n t  t o  provide maintenance 
energy i f  s l i g h t l y  h i g h e r l e v e l s  of  physical  a c t i v i i y  c r e  considered.  The FA0 
sugges t  average  c a l o r i e  requirements  of  c. 11 00-1 200 and c. 1700 kcal . /capi ta/day 
r?specl;ively f o r  these two l s v e l s  of  a c t i v i t y  i n  South Asian c o u n t r i e s .  The 
s u r v i v a l  of a  community over  a  long  period of t ime w i l l  r e q u i r e  a  mean c a l o r i e  
i n t a k e  {~xceeding  t h e  maintensnce Level,  m n c e  food product ion and p r e p a r a t i o n  
a r e  predominantly l ebour  i n t e n s i v e  t a s k s  i n  t h e s e  res ions .  However famine 
commonly occurs  a s  a  r e s u l t  o i  crop f a i l u r e ,  and t h e r e f o r e  t h e r e  is l i t t l e  
manual work t o  be done, so  t h a t  c a l o r i e  i n t a k e s  c l o s e  t o  tha maintenance l e v e l  
mny be ndequate f o r  s u r v i v a l  I n  t h e  s h o r t  term. 
V e r i o ~ l s  v i  I lngo and r< c' ona l  survlye in4iczite ihnt c o n m i  t i e 8  
can s u r v i v e  f o r  long per iods  a t  averace  c a l o r i e  i n t a k e  l e v e l s  much below t h e  
minimum of 1,700 proposed by t h e  FAO. I n  t.he Indinn s t a t e  of Tamil Nadu, avernge 
c a l o r i e  i n t a k e  was on ly  c. 1  ,500 kcal /capi ta/dal-  over  t h e  decade 1960/69, .but t h e  
crude d e a t h  r a t e  of 19 p e r  1000 was s i m i l a r  t o  t h a t  of  s t a t e s  wi th  ave.,ae;e 
i n t a k e s  of 2,000-2,300 kca l .  S i m i l a r l y  i t  has been shown t h a t  an a c t i v e  
hoa l thy  comrnunitv i n  E th iop ia  had an avernpe consumption of cn ly  c  1550 kcal/dny, 
a  va lue  some 785 k c a l  l e s s  than  the  a v e r a r e  requirement proposed by t h e  FAO/;JHO. 
Surveys of c a l o r i e  in'akes i n  v i l l a g e s  i n  two Ind ian  s t a t e s  dur ing  s e v e r e  d r o u c ~ h t  
p e r i o d s  i n  t h e  1960s shoved t h a t  t h e  average i n  ake i n  some v i l l a ~ e s  f e l l  t o  
1,450 and 580 kcal /capi ta/day,  an.! a l though  m a l n u t r i t i o n  was e v i d e n t ,  no 
d e a t h s  from s t a r v a t i o n  was recorded. Es t ims tes  have been made of m o r t a l i t y  r a t e s  
i n  towns i n  t h e  d r o u ~ h t  zone of Kthopia i n  1973, and e x t r a p o l a t i o n  from t h e s e  
f i g u r e s ,  s u g g e s t s  t h a t  a  f a l l  i n  the  avernge d a i l y  i n t a k e  of t h e  poores t  groups 
t o  below 1,000 k c a l  was accompanied by a  r i s e  i n  dea th  r a t e  from 25 t o  between 
44 and 63 p e r  1,000. Some of t h i s  f i e l d  evi6ence has been used i n  F i g  6  t o  
p l o t  c rude  dea th  r a t e  a g a i n s t  average c a l o r i e  i n ' a k e ,  and i t  c lcear ly  shows t h a t  
a l though comrcunities may surv ive  a t  i n t a k e  1,:vels below t h e  minimnm suggested 
by t h e  FAO/WHO, crude death r a t e  does r i s e  wi th  d e c r e a s i n c  energy in tnke .  
The f i e l d  evidence i n d i c a t e s  t h a t  people can survi-re 
on i n t a k e s  below t h e  va lue  f o r  t h e  b a s i c  metabol ic  requirement sucges ted  by t h e  
F A O / ' ~ O ,  bu t  it i s  n o t  p o s s i b l e  t o  d e f i n e  t h ~  average c r i t i c a l  i n t a k e  l e v e l ,  
below which dea th  occurs ,  and t h e r e f o r e  t o  conyle te  the c a l o r i e  i n t a k e  - morf.al.ity 
r e l a t i o n s h i p  we have taken a 1 t e r n a t . i ~ ~  est im.qtes  of 400 and 800 kcal/capita./day 
a s  t h e  minimum r a t e s  c o n s i s t e n t  wi th  s u r v i v a l .  Thus assutuing a  normal 
d i s t r i b u t i o n ,  and t o  be consi::tent wi th the  l i m i t e d  f i e l d  evidence on s t a r v a t i o n ,  
we s e t  t h e  s tnndard d e v i a t i o n  f o r  t h e s e  c r i t i c a l  l e v e l s  a t  300 and100 
r e s p ~ c t i v e l y .  This  r e l a t i o n s h i p  i s  superimposed on Fig 6. I t  i s  a l s o  p l o t t e d  
i n  F i g  7  t o  ~ i v e  the  propo t i o n  o f  the  populz t ion  whose c a l o r i e  int,a):e f a l l s  
below t h e  s u r v i v a l  l e v e l ,  nnd i n  t h i s  'om e n t e r s  t h e  a l ~ o r i t h m  f o r  de te rn in iny  
m o r t a l i t y  l e v e l s .  I n  these s imple models no al lowance i s  made f o r  the  reduc t ion  
i n  ~ o p u l a ' i i o n  from dea ths  by s t a r v a t i o n ,  nor  f o r  t h e  proport ion.?telv ~ r m t e r  
m o r t a l i t y  which wot~ld occur  amon!;st yolind ch i ld ren .  Feed Lack loops of  t h i s  
type  a r e  however considered i n  thc mnin model. 
Rcenario 3evelopmnnt A v a r i e t y  of  s c e n z r i o s  have been c o n ~ i d e r e d .  One of 
them assumss t h a t  a i d  t o  foodprodcct ion nnd domestic investment i n  a g r i c u l t u r e  
i s  maintained a t  about  t h e  l e v e l  i n  r e c e n t  y e a r s ,  +nd incone d i s t r i b u t i . o n  
does n o t  change from t h e  preocnt F c t t e r n .  The i t e r a t i v e  procedu~.e used t o  
develop t h i s  scenar io  i s  sunzarioed i n  !a'ig 8 and d v e n  i n  more d e t a i l  below. 
Compute popula t ion  by m u l t i p l y i n g  the  f i g u r e  f o r  t h e  previous per iod  by t h e  
s e l e c t e d  p o w t h  r a t e  
Take t h e  est imnted v e g e t a b l e  food produc t ion  p e r  c a p i t a  p e r  day from t h e  previoue 
time per iod ,  and m u l t i p l y  by t h e  populat ion t o  o b t a i n  t h e  d e s i r e d  t o t a l  
food output .  
Estimate t h e  c o s t  of t h i s  ou tpu t  from t h e  opt jmal  development pathway. 
C a l c u l a t e  CDP us ing  0, 3 0 r 4 $ / ~ r  growth r a t e  
Ca lcu la te  $ CDP devoted t o  food product ion from 3 and 4 
Ext rac t  from Fig  2 t h e  mean d a i l y  p e r  c a p i t a  energy i n t a k e  corresponding t o  
t h i s  5 CDP on food product ion 
Adjust v a l u e  (of s t e p  2 )  by i t e r a t i o n  of s t e p s  2-6 u n t i l  pe r  c a p i t a  i n t a k e  is 
i n  ba lance  wi th  est imated f r a c t i o n  of  GDP on food product ion 
Sca le  a d j u s t e d  v a l u e  (of s t e p  2 )  by f r a c t i o n  f o r  country concerned r a l a t i n g  
t o  La1 food consumption (vege tab le  p lus  animal)  t o  t h e  vege tab le  component. 
Using F ig  5 e s t i m a t e  f r a c t i o n  of popula t ion  expected t o  r e c e i v e  l e s s  than 
s e l e c t e d  d a i l y  enerCry in takes .  
Under t h i s  s c e n a r i o  t h e  combinatjon of i n c r c  s i n g  
popula t ion  a n d r i s i w  p r i c e  of product ion i n p u t s ,  t o ~ e t h e r  wi th  t h e  diminiahing 
marginal  r e t u r n  t o  a g r i c u l t u r a l  i n p u t s ,  r e s u l t s  i n  tin i n c r e a s i n g  propor t ion  of t h e  
CDP going t o  food product ion>and h i e h e r  food p r i c e s .  The r n t r  of i n c r e a s e  i n  
t h i s  CDP propor t ion  v a r i e s  according t o  t h e  assumed va lue  f o r  economic cro!rth, 
and va lues  of 0 ,  3 and 4$/yr a r e  t e s t e d .  Illany pnople i n  t h e s e  c o u n t r i e s  a l r e a d y  
spend a l l  o r  much of t h e i r  income on food, t 5 s r e f o r e  r i v e n  increased  food p r i c e s  
and no o r  l i t t l e  r e a l  e;rowth i n  p e r  c a p i t a  incorn?, i t  is assuncd t h a t  mean c a l o r i e  
i n t a k e  of  t h e  populnt ion w i l l  d e c l i n e  i n  accordance with F ig  2. Thi.; n u t r i t i o n a l  
d e t e r i o r a t i o n  occurs  f o r  a l l  the  combinntion of pnrLq.meter va1uc.s exaninecl, a l though 
of course  t h e  r a t e  v a r i e s .  Up t o  2010 AD f o r  any 0:' t h e  parameter cxubina t ions  
examined. t h e r e  a r e  no marked d i f f e r e n c e s  i n  mean in!alces f o r  two a l t e r n i t i v e  
r a t e s  of popula t ion  grou th ,  namely cont inued growth n t  t h e  r a t e  p r e v a i l i n r  dur ing  
1969-71, o r  a t  t h e  s lowly  d e c l i n i ~ :  UN median r a t e ,  and the-efore only t h e  
r e s u l t s  f o r  t h e  cons tan t  growth r a t e  a r e  presented hpre. 
T ~ b l e  1 g i v e s  t h e  r e s u l t s  f o r  c e r t a i n  p a r a n e t e r  
combinntions. Asslrming zero e o w t h  i n  GDP and i n  t h e  c o s t  of product ion 
i n p u t s ,  t h e  average c a l o r i e  consumption i n  I n d i a  drops irom 1990 t o  1700 k c a l  
Ly t h e  year  1990 ( ~ n b l e  1 c i r l ~ u n  1 ), and a t  t h i s  average i ~ ~ l u k e .  6sof t h e  
household have mean consumption l e v e l s  beloar t h i s  c a l o r i e  i n t ~ k e ,  i e  be1or.r t h e  
- .  
" " n  vnluc. f o r  t h c  mlintennnro -oqvriren?nt.  The p r o j ~ c t i c l s  i v  T ~ h l e  1 sho:! t h i t  
given poor economic growth, r e c u r r e n t  s t a r v a t i o n  may become pandemic i n  ~ a n ~ : l a d e s h  
,-n an increasinl: s c a l e  from t h e  1990's  with I n d i a  and Pnkis tan  la . -ginc behind 
but  r e l n t i  e l y  soon f o l l o ~ . r i n g  a oimi1p.r p a t t e r n .  
Table 2 shows t h e  number of people who would d i e  of s t a r v a t i o n  i n  Baayladesh 
on t h e  two a l t e r n s t i v e  a s s u l p t i o n s  of t h e  miniuum i n t a k e  of  food e n e r m  npcessary 
f o r  s u r v i v a l ,  and f o r  d i f f e r e n t  economic parameter values.  There i s  a  marked 
e s c a l a t i o n  of annual  dea ths  given t h e  assumption of a  2$/yr i n c r e a s e  i n  product ion 
i n p u t  p r i c e s  a s s o c i a t e d  wi th  zero GDP growth, wi th  a  p ro jec ted  annual dea th  r a t e  
from s t a r v a t i o n  of  c.5.5 m i l l i o n  i n  t h e  y e a r  2010. I n d i a  and Pakis tan  would 
have lower derith r a t e s  a t  t h e  t u r n  of t h e  century,  bu t  would fol low a  s i m i l a r  
path t o  Bangladesh i n  t h e  f i s t  two o r  t h r e e  decades of  tha  21s t  century.  
Death r a t e s  of t h i s  m a ~ n i t u d e  would have a  r a p i d  feed-back on n e t  popula t ion  
growth, a l t h o u r h  t h i s  i s  not  allowed f o r  i n  these  pro jec t ions .  These sub- 
models on ly  cons ider  a  smoothed 'annual expected '  dea th  r a t e  from 
a t a m a t i o n ,  and hence do not  p resen t  t h e  v i o l e n t  f l u c t u a t i o n s  about t h e  mean which 
would occur  a s  a  r e s u l t  of weather induced v a r i i t i o n s  i n  food output  e t c .  Famine 
a l r c a d y  occurs  from time t o  time i n  l o c a l i s e d  a r e a s ,  but t h e  p ro jec ted  annual  
'expected '  dea ths  a c r o s s  t h e  whole count ry  a r e  much more formidable. 
Applicat ion of t h e  UN median f o r e c e  of populat ion 
zrowth, i n s t e a d  of t h e  exponent ia l  one used f o r  t h e  p r o j e c t i o n s  i n  Table 2,  would 
p r e s e n t  a  l e s s  s e v e r e  p i c t u r e  up t o  t h e  y e a r  2010, bu th imi lnr  e f f e c t s  would 
e v e n t u a l l y  a r i s e .  The outlook would be much worse i f  the  FA0 va lue  f o r  minimum 
food energy i n t a k e  were accep ted ,  and a l s o  i f  a g r i c u l t u r a l  development f a i l e d  
t o  fol low t h e  oytimnl path.  T!;eae r e s u l t s  a r e  l e s s  p e s s i m i s t i c  than  those  
pu t  fonrard by l<escrovic and P e s t e l ,  who s u ~ g i s t  h a t  t h e  t o t a l  number of  c h i l d r e n  
d p i n ~ :  from s t a r v a t i o n  i n  t h e s e  t h r e e  co:lntries may be c. 13 m i l l i ~ n / ~ r  by t h e  y e a r  
2010. These workers use a  l i n e a r  r e l a t i o n s h i p  between food i n t a k e  below 
t h e  requ i red  l e v e l  and mor ta l i ty .  This  r e l a t i o n s h i p  i s  not  supported by the  f i e l d  
d a t a  on low food i n t a k e s  and m o r t a l i t y  used i n  our  sub-modela. 
I f  a  sus ta ined  high growth r a t e  of  t h e  GDP was 
a t t a i n e d ,  pandemic s t a r v a t i o n  induced m o r t a l i t y  would no t  occur  before t h y e a r  
2010 th able 2 ,  columns 5 and 6) .  Such a  h i c h  growth r a t e  app--arx r e l a t i v e l y  
u n l i k e l y  i n  t h e s e  c o u n t r i e s ,  because approximately h a l f  t h e  n.rtiona1 output  
i s  a l r e a d y  devoted t,o food product ion,  and only a smal l  p ropor t ion  goes i n t o  t h e  
product ion,  of expor tab le  goods. Thus s u b s t a n t i a l  g rov th  i n  GDP would r e q u i r e  
r a p i d  and continued expansion i n  t h e s e  ' t r a d i n g '  s e c t o r s  of t h e  economies. I n  
t h e  absence of f o r e i g n  a i d  such a n  expansion could probably be  a t t a i n e d  only by 
a  d i v e r s i o n  of investment  i n  product ive capac i ty  away from a g r i c u l t u r e ,  and t h i s  
would induce a  worse n u t r i t i o n a l  s i t u a t i o n  i n  tho s h o r t  term even though t h e  
1oni;--term ef t ' ec t  mi!-ht be impxwed. The pro jec ted  s i t u a t i o n  would be 
improved by e i t h e r  l a r g e  i r&.c t ions  of a i d ,  o r  a  m ~ r k e d  d e c l i n e  i n  f e r t i l i t y ,  
and pnramr7ter chances of t h i s  type  a r e  i.0 be exnmincd i n  our  World Model. 
The food s tudy  of  t h e  Ind ian  sub-continent 
was an e x e r c i s e  i n  sub-model c o n s t r u c t i o n  with t h e  system boundary drawn a t  
t h e  f r o n t i e r s  of t h e  count r ies .  Within t h e  system - t h e  phys ica l  r e l a t i o n s  
governing increased  food prodqct ion and t h e  economic balance tending t o  lower 
c a l o r i e  i n t a k e  as fiaction of GDP on food product ion r i s e s  - a r e  modelled. 
The exogenous i n p u t s  t o  t h e  system are:- 
1. Populat ion i n c r e a s e  r a t e  
2. The p r i c e  change o f  i n p u t s  t o  a g r i c u l t u r e  
3 .  The growth r a t e  of t h e  economy 
Clear ly ,  i t  is more s a t i s f a c t o r y  i f  t h e  exogenous i n p u t s  can be reduced i n  
number. The p r i c e  change of  n i t rogenous  f e r t i l i s e r  i s  r e l a t e d  t o  t h e  p r i c e  o f  
energy needed t o  manufacture it and t h i s  i n  t u r n  i s  r e l a t e d  t o  t h e  e x t e n t  of  
d e p l e t i o n  of  f o s s i l  f u e l  r e s e r v e s  and t h e  c o s t  o f  s u b s t i t u t e  energy sources.  
The growth r a t e  o f  t h e  economy i s  r e l a t e d  t o  t h e  l e v e l  o f  investment ,  t o  t h e  
i n c r e a s e  of  p r o d u c t i v i t y  and t o  t h e  t r a d i n g  p o s i t i o n  of  t h e  country r e l a t i v e  t o  
t h e  o t h e r  c o u n t r i z s  of  t h e  world. 
I t  fo l lows  t h e r e f o r e  t h a t  i n  o r d e r  t o  
reduce t h e  a r e a  of s p e c u l a t i o n ,  i n d i v i d u a l  s e c t o r  models f o r  energ j ,  f e r t i l i s e r  e t c  
a r e  needed opera t  ;ng w i t h i n  c o u n t r i e s  o r  w i t h i n  groups o f  c o u n t r i e s  and 
l inked  n o t  only wi thin-economies through money and m a t e r i a l  flows but  a l s o  
between economies through trade.  
This  i s  a modelling opera t ion  n e a r i n g  
completion i n  t h e  Systems Analysis  descarch Unit.  Because t h e r e  i s  a 
d imin ish ing  r e t u r n s  a s p e c t  t o  t h e  d i saggrega t ion  process ,  t h e  l e v e l  of di9aggrega- 
t i o n  can be  varied.  F i n e r  s e p a r a t i o n  r e q u i r e s  more d a t a ,  c a r r i e s  more r i s k  
of  e r r o r ,  t a k e s  l o n ~ e r  t o  procram and c o s t s  nore f o r  each run. The r e t u r n  f o r  
t h i s  e x t r a  e f f o r t  i s  more d e t a i l e d  and more p r e c i s e  output .  Hoxrrver, t h e  
+ i o n  and s o  i n c r z a s e  or" p r e c i s i o n  and d e t a i l  f a l l s  o f f  with p r c a t e r  d i s a  -cre,-a,: 
a  compromise is s t ruck .  The c u r r e n t  l e v e l s  of  disa,:grep;ation a re :  
3 groups of  economies 
10 s e c t o r s  wi th in  each 
The s e c t o r s  a r e  c a p i t a l  goods non-f ood c r o p s  
c o n s m a r  goods ve,qetallle products  
energy rrnimal products  
ag r i cu l tu ra l  services processed vegetable products 
minerals processed animal products 
The d e t a i l  i n  t h i s  s ec to ra l  c l a s s i f i c a t i o n  de l ibe ra t e ly  emphasises food 
because the  pressure on food supply is grea t e r  than on any o the r  resource 
such a s  metals o r  energy. 
This 3 stratum, 10 sec to r  model 
operates successfu l ly  with p a r t i a l l y  va l ida ted  data.  It is demand driven,  
the  prkces f inding  va lues  t ha t  the  market w i l l  bear,  within rhe economies. 
The production funct ions  a r e  subjec t  t o  both technica l  improvement, and 
deple t ion  e f f e c t s  such 
a s  t h e  g r e a t e r  d i f f i c u l t y  of securing energy, minerals ,  water  and cu l t i vab le  
land,  Investment occurs according t o  the  p r o f i t a b i l i t y  of the  indiv idual  
sec tors .  The m i  r a t i o n  of labour between sec to r s  is  driven by the  wage d i f f e r -  
e n t i a l .  The f r ac t ion  of t o t a l  output paid t o  labour i s  a function of the l eve l  
of employmmt. Thus the  f u l l  range of economic feedbacks operate and t h e  
node1 d isp lays  robustncss to perturbations.  
The s t ruc tu re  of  t h e  node1 provides a t e s t  
bod f o r  t h e  simulat ion of a va r i a ty  of ac t ions  which go beyond the  
i dea l i s ed  mn-rkct equil ibrium s t a t e .  Usin< the bgsic version,  e f f e c t s  of 
c a r t e l  ac t i on ,  t rade  emb:lrgos, advance ac t ion  to provide subs t i t u t e s ,  a l t e r a t i o n  
to  f e r t i l i t y  r a t e ,  chanred l eve l s  of a i d  and s h i f t s  i n  income and d i s t r i b u t i o n  
can be separa te ly  tes ted .  The r e q u i r e ~ n t s  f o r  c rea t ion  of t h i s  bas ic  t e s t  
roodel have needed the  development of severa l  techniques which a r e  new t o  
the modelline f i e l d .  I n  p a r t i c u l a r ,  t he  der iva t ion  of a  t r ade  b a r r i e r  matrix 
t o  represent  the r e l a t i o n  between expected and ac tua l  t r ade  flows is  a novel 
ccncept. The quan t i f i ca t ion  of degree of an t i c ipa t ion  necessary t o  provide 
timely subrsti l;utes i s  an innovation. 
It is our view tha t  t h i s  bas ic  s t ruc tu re  
provides, not  merely anot'ner mor:el but  a  gencral ised modular mechanism capable 
of being used by a range of i nves t iga to r s  t o  experiment with p rac t i ca l ly  
t he  whole range of parameter va r i a t i on ,  t h a t  mag be des i red ,  a t  any appropriate 
l eve l  of disaf:gregation. The pro ; r?m modules w i l l  be ava i l ab l e  i n  ea r ly  7 6 .  
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Discussion 
Bottomley asked whether the fertilizer response curve used was in fact 
obtained from trials or from actual real-life experiences. In reply, Norse 
stated that trials were carried out on farms by farmers. Parikh added that 
methods for carrying out these trials differed greatly, from specialized 
farming techniques on one hand,to simply copying the manner in which the 
field worker puts fertilizer on the ground. At his institution, they have 
much experience in this respect. 
Richardson stressed that the paper is more optimistic as to the extent 
of starvation than other papers previously presented by other participants. 
He wondered how this optimism would be reflected in recommendations to 
policy-makers as to population control, the desirability of agricultural 
development and so forth, and whether these policy recommendations might 
differ significantly from the recommendations that were presented or might 
have been derived from other ventures such as "Mankind at the Turning Point". 
Other speakers doubted the validity of the low calorie requirement ex- 
pressed in the paper, especially owing to the often weak statistical data 
base. Furthermore, there is a distinct time lag from consumption to under- 
nourishment, and fron undernourishment to death from lack of food; under- 
nourishment may also lead to an increase in diseases that result in death 
at a later period of time. 
Rossmiller found it disconcerting that population is an exogenous factor 
in the model. 
In reply, Roberts pointed out that, in arriving at policy recommendations, 
one should be aware from the beginning of the necessary weakness of certain 
model assumptions. Bearing in mind these restrictions, he believed that the 
main findings of his model did not differ from those of "Mankind at the 
Turning Point". Even though his results may be less pessimistic than those 
of "Mankind at the Turning Pointt', he considered the situation quite dramatic, 
so the basic message of both models remains the same. 

From Development to Implementation: Activities 
Of the Mesarovic-Pestel Project During 1974-75 
John M. Richardson, Jr. 
ABSTRACT 
The paper discusses the implementation of the food submodel of the 
Mesarovic-Pestel project. The model, which follows a regionalized and multi- 
level approach, was presented at the first Global Modelling Conference held 
in 1974.* Among the major conclusions of the study are the following: 
An intelligent and effective population policy must be an integral 
part of any strategy designed to deal with the potential food crisis; 
For optimal economic development there must be a balance between 
agricultural and non-agricultural sectors; 
A program of assistance to solve the food crisis in South Asia is 
essential; although large-scale assistance is needed, the amount 
is not prohibitive. 
The system was presented at a meeting of the Club of Rome held in Berlin 
in 1974, and also at the meeting of the members of the European Parlament in 
Hannover in 1975. Reference is made to the successful implementation of the 
model in Iran. 
Some observations are given on organizing large-scale modelling projects: 
Once the model has been completed, the group that developed it 
should continue to work together; 
It is important to strive for acceptance of the results both in the 
scientific and in the decision-making community; 
At every stage the program must be able to produce demonstrable 
results. 
*M. Mesarovic and E. Pestel, eds., Multilevel Computer Model of world 
Development System; Swmnary of the Proceedings, International Institute for 
Applied Systems Analysis, Laxenburg, Austria, 1974. 

Discussion 
Bottomley s t a t e d  t h a t  i n  h i s  paper Richardson r a i s e d  an i n t e r e s t i n g  
po in t :  how can one resolve t h e  dilemma crea ted  by t h e  f a c t  t h a t  on one hand, 
t h e r e  should be an optimal exchange of information among modeling groups, on 
t h e  o t h e r  hand, modeling groups should be a s  independent a s  p o s s i b l e  i n  
i d e n t i f y i n g  and e s t a b l i s h i n g  t h e i r  p r i o r i t i e s .  Richardson answered t h a t  p a r t  
of what makes a  p r o j e c t  success fu l  i s  t h e  group s p i r i t ,  t h e  mutual confidence 
and t h e  wi l l ingness  t o  work and t o  make s a c r i f i c e s  of ind iv idua l  i d e n t i t y  
among t h e  members of the group. Whenever a  group t h a t  has  worked toge ther  
s u c c e s s f u l l y  i s  d i sso lved ,  t h e  l o s s  of the  team work i s  g r e a t e r  than t h e  l o s s  
of f a c t u a l  information.  It was h i s  experience t h a t  it can take  up t o  a  year  
t o  e s t a b l i s h  t h i s  common s p i r i t .  
Randers added t h a t  one should not  overlook t h e  d i f f i c u l t y o f  admin is t ra t ing  
an i n t e r d i s c i p l i n a r y  s tudy;  t h i s  goes beyond the  usua l  problem of f i t t i n g  
toge ther  people of d i f f e r e n t  p e r s o n a l i t i e s .  I n  t h i s  r e s p e c t ,  one can c e r t a i n -  
l y  l e a r n  from experience.  
Roberts s t a t e d  t h a t ,  i n  p r i n c i p l e ,  he wholeheartedly agreed with a l l  
t h a t  has  been s a i d  s o  f a r .  The only counte rpo in t  he would l i k e  t o  make i s  t h a t  
i t  i s  p o s i t i v e  t o  have a  v a r i e t y  of approaches, o f t e n  from t o t a l l y  d i f f e r e n t  
backgrounds. He there fore  hoped t h a t  t h e  c o n s t r u c t i v e  s p i r i t  exh ib i ted  by 
presen t  groups w i l l  encourage the  formation of new groups, poss ib ly  from a n  
e n t i r e l y  d i f f e r e n t  angle.  These new groups should l e a r n  a s  much a s  p o s s i b l e  
from t h e  information gathered by o t h e r  groups; hence, no group should 
c o n s t r u c t  a  model s o  complex t h a t  another  group could no t  understand the  
l i n e s  of reasoning. 
I n  r e p l y  t o  a  ques t ion  by Cole, Richardson s t a t e d  t h a t  d i f f e r e n t  
i n s t i t u t i o n s  w i l l  t ake  a p a r t i c u l a r  model and use i t  f o r  d i f f e r e n t  purposes. 
This  p r a c t i s e  should not  be condemned; t h e  more f a c t s  a v a i l a b l e ,  the  b e t t e r  o f f  
one w i l l  be, i r r e s p e c t i v e  of how these  f a c t s  a r e  being used. 
I n  rep ly  t o  a  ques t ion  by Br iosch i ,  Richardson ou t l ined  t h e  main d i f f e r -  
ence between h i s  approach and t h a t  of MOIRA. An obvious main d i f f e r e n c e  i s  
t h a t  h i s  food model forms p a r t  of a  much l a r g e r  g loba l  model t h a t  has a  well- 
def ined economic s e c t o r ,  a  populat ion model and so  f o r t h ;  a l l  of these  a r e  
l inked  t o  t h e  food and a g r i c u l t u r a l  s e c t o r .  Secondly, h i s  model is  
e s s e n t i a l l y  a  supply-driven model, a s  compared t o  a  demand-pull w d e l  such a s  
MOIRA. Thi rd ly ,  MOIRA goes f a r t h e r  i n  i n v e s t i g a t i n g  t h e  func t ion ing  of a  world 
market; i n  h i s  model, s p e c i f i c  reg iona l  i s s u e s  were considered more impor- 
t a n t .  For h i s  model, t h e r e  remains much t o  be learned about f u r t h e r  i n t e -  
g r a t i n g  food and energy from t h e  demand s t r u c t u r e .  Of course,  t h e r e  a r e  
more t e c h n i c a l  d i f f e r e n c e s  i n  h i s  model, f o r  ins tance ,  t h e  2 e f i n i t i o n  of 
t h e  product ion func t ion ,  but  t h a t  is  not  b a s i c .  Furthermore, h i s  group 
worked hard a t  comparing model outcomes wi th  h i s t o r i c a l  r e s u l t s :  t h i s  was 
a  g r e a t  he lp  i n  c a l i b r a t i n g  and es t imat ing  t h e  parameters. A s  a  r e s u l t ,  they 
a r e  more conf iden t  t h a t  what t h e  model is  doing must be reasonable.  

Food Problems and International Trade in Cereals 
Gilbert Etienne 
SOME FEATURES OF THE WORLD MARKET IN CEREALS 
World output of cereals increased from 1228 million tons in 1974 to 
1246 million in 1975 and about 1300 to 1350 million in 1976. Between 1971 
and 1974, the total amount of wheat on the world market was about 60 million 
tons per year; production figures during this period for coarse grains such 
as maize and millet were 60 to 70 million tons per year, and for rice about 
7 million tons per year. Imports of maize and millet by developing countries 
(China included) are relatively small (about one fifth to one third of the 
total world figure). For rice, developing countries imported three quarters 
of the total amount on the world market. As to wheat, the share of the third 
world oscillates between 30 to 40 million tons while advanced countries 
import around 23 million tons (excluding the USSR). 
In spite of the improved situation in 1975 and 1976, the world food 
supply remains a matter of great concern, because agriculture is still vul- 
nerable to sharp weather variations especially in the third world. Two major 
questions have to be raised, especially with regard to the third world: 
availability of grain on the world market and prices. Table 1 shows data on 
world reserves for 1971 to 1976.k 
Table 1. World reserves held by main exporting countries 
(available before next agricultural year), 1971-1977. 
(millions of tons) 
Wheat Rice Other Cereals 
1971172 (July-June) 5 2 6 5 6 
1972173 33 4 40 
1973174 29 4 2 9 
1974175 32 4 2 4 
1975/76 3 7 5 25 
1976177 (forecast) 52 5 32 
The decrease in world reserves until 1973174 is owing to the massive grain 
imports by the USSR in 1972173 (20 million tons of wheat and 10 million 
*~ost data comes from FA0 reports EICONF 6513 and 6514 (World Food 
Conference 1974) and from later FA0 reports. 
tons  of coarse  g r a i n ) ,  and t o  simultaneous crop f a i l u r e s  i n  Asia and 
Africa.  The poor harves t s  of wheat and maize i n  t h e  USA i n  1974 d id  no t  
a l low f o r  a s u b s t a n t i a l  improvement of the s i t u a t i o n .  Wheat crops i n  t h e  
USA i n  1975 and 1976 have been very good; maize a l s o  d id  wel l .  The Soviet  
Union has faced a severe d e f i c i t  i n  1975 which led  t o  the import o f  10 
m i l l i o n  tons of wheat and 1 3  m i l l i o n  tons of coarse g r a i n  during 1975176. 
Forecas t s  f o r  imports i n  1976177 a r e  respec t ive ly  of 6 and 5 m i l l i o n  tons ,  
owing t o  good harves t s  i n  1976. The s i t u a t i o n  has a l s o  improved i n  Asia .  
The decrease i n  the  amount of g r a i n  rese rves  has been aggravated by 
p r i c e  t rends .  Since t h e  mid-1950s and u n t i l  1965 o r  so ,  US food a i d  (Publ ic  
Law 480) has covered 30 to 45 percent  of t o t a l  imports of c e r e a l s  by devel- 
oping c o u n t r i e s .  Many count r ies ,  p a r t i c u l a r l y  those of Asia, were a b l e  t o  
cover the  bulk of t h e i r  g r a i n  d e f i c i t  and thus t o  escape famines. Such 
s u p p l i e s  were very favorable  f o r  t h e  rece iv ing  p a r t i e s ,  s i n c e  they involved 
g i f t s  and/or s u p p l i e s  paid back mostly i n  l o c a l  currency. I n  a d d i t i o n  the  
proceeds of the  s a l e s  wi th in  t h e  country would be l e n t  by the  US Government 
t o  the  l o c a l  government f o r  development p r o j e c t s .  For example, i n  the  case 
of I n d i a  i n  1974 the  USA has given up t h e i r  c laim t o  repayment of loans.  
As a r e s u l t  of these  g r a i n  suppl ies ,  t h i r d  world c o u n t r i e s  l a r g e l y  
escaped t h e  consequences of g r a i n  p r i c e  f l u c t u a t i o n s .  Here again the  s i t u a -  
t i o n  has d r a s t i c a l l y  changed s ince  1972, i n  s p i t e  of some improvement s i n c e  
1974, a s  can be seen i n  Table 2. 
Table 2. Food a i d  and s a l e s .  
( m i l l i o n  tons per year)  
Country 1960161- 1965166- 
e x p o r t i n g  1964165 1969170 1971172 1972173 1973174 1974175 1975176 
- - ---- 
USA 15.6 12.80 9.53 6.92 2.98 4.57 6.35 
Canada 0.18 0.67 0.60 0.71 0.50 0.73 1.00 
EEC - 0.56 1.03 1.25 1.22 1.42 1.28 
Japan - 0.11 0.60 0.44 0.43 0.30 0.22 
USSR - 0.04 0.02 - 2.00* - - 
* 
Wheat loan t o  India .  t o  be paid back i n  kind.  
** 
The f i g u r e s  do not  t a l l y  v i t h  the  t o t a l  because v e  have n o t  mentioned v a r i o u s  minor 
s u p p l i e s .  
The decrease i n  the  amount of a i d  given i n  1970171 and 1971172 may be 
explained i n  p a r t  by I n d i a ' s  reduced g r a i n  imports owing t o  the  improved 
g r a i n  s i t u a t i o n  i n  t h a t  country.  La te r ,  Soviet  imports had a g r e a t  impact 
on US g r a i n  po l icy .  I t  appears s e n s e l e s s  t o  encourage an a g r i c u l t u r a l  sup- 
p o r t  po l icy  w i t h i n  the USA. Thus from 1973 onwards, the  US Government has 
abandoned t h e i r  po l icy  of s t o r i n g  g r a i n .  Cereal  t r a d e  i s  now mostly handled 
by private US firms. The Government grants food aid only under limited con- 
ditions (repayable usually entirely in dollars over a 40-year period at a 
2 percent interest rate) and usually in an attempt to avoid an emergency in 
the importing country. 
All these factors and world inflation explain the sharp increase in 
grain prices, even after taking into account the loss of value of the US 
dollar. However, good harvests in 1976 in North America, the USSR and Asia 
explain the fall in prices. As to the volume of import, it is falling 
sharply in 1976177 in a number of countries--China, India, USSR. 
Export Prices (fob in US dollars per t) 
June-July Wheat - Rice Maize 
1971172 60 133 52 
1972173 9 2 171 7 2 
1973174 177 584 116 
1974175 161 439 132 
1975176 151 295 116 
Aug . 129 243 116 
Nov. 106 260 98 
Wheat: US No. 1 winter 
Rice : Thailand 
Maize: US No. 2 yellow 
Price fluctuations do not depend only on the law of supply and demand; 
speculation also plays an important role. Any forecast of poor crops in a 
large importing country boosts world prices. The same phenomenon affects 
export countries. For instance in 1974, maize harvest in the USA was 10 
percent below expectations, which has pushed prices up by 60 percent. 
Thus some system of world reserves isolated from market prices is 
needed not for routine imports but to face serious emergencies in devel- 
oping countries. Although technical difficulties should not be underesti- 
mated (cost of storage, localization of stock, controls, etc.), what is 
lacking in Western countries is the will to act and cooperate. Wealthy 
socialist countries also have not been particularly helpful. Unless some 
reserve system is organized, few countries will give early warning of their 
needs in times of emergency for fear of pushing prices upward. Sound and 
timely cooperation between rich and poor countries would not be possible. 
CEREALS IMPORTS OF DEVELOPING COUNTRIES AND OUTPUT PROSPECTS 
South Asia (Bangladesh, India and Pakistan, with a combined population 
of 750 million) and China (with a population of 800 to 900 million) repre- 
sent 60 percent of the population of the third world. Until recently, their 
cereals imports have been equivalent to about one third of the total grain 
imports of the third world. While these countries currently represent a 
major element in world grain trade, they should be able to reduce substan- 
tially, perhaps entirely, their deficit over the next twenty years or so. 
The diet of these people should also improve so that acute deficiencies can 
be eliminated. China is comparatively advanced and has eliminated real 
misery. * 
However, unless these countries reach what I would call a minimum safety 
level, they may still be dependent on large imports in the event of bad 
natural calamities. Situations such as this may be very serious if, as has 
happened, several large importing countries have had poor harvests in the 
same year. 
South East Asia is in a more favorable situation. Some countries have 
been net grain exporters (e.g., Burma and Thailand); Indonesia may reach 
self-sufficiency, even though some years ago they had a deficit of 0.8 to 1 
million tons of rice. Malaysia could also achieve self-sufficiency. 
In the Middle East, cereal problems are not too serious. Several 
countries can afford grain imports. A fairly large agricultural potential 
exists in Iran, Iraq and Syria. 
In Africa north of the Sahara, a deficit of a few million tons of 
cereal may last for a fairly long time. Egypt has already had somewhat 
high yields per ha. Various physical constraints are slowing down progress 
in the Maghreb countries. 
The prospects in several parts of Africa south of the Sahara are more 
serious. The Sahel countries face a difficult future when one looks at 
population increase and the agricultural ~otential, and the very severe 
physical constraints. In 1973174, during the famine, the imports of the 
Sahel countries reached 1.7 million tons. Such situations may appear again. 
In other countries located in the west, the center and the eastern part 
growth prospects are on the whole better, but they may take a long time to 
materialize: considerable efforts have to be made in the areas of adminis- 
trative structures research, surveys of rural societies, etc., in order to 
improve the situation. In both North and South Africa, imports have in- 
creased from 1.6 to 7 million tons per year over the last ten years. Thus 
there is an urgent need to introduce more efficient agricultural policies 
in many of these countries. 
In Latin America, the situation appears more favorable. In several 
countries (e.g., Mexico, Equador, Venezuela, Peru, Brazil) substantial 
growth is taking place and the overall development level is higher than in 
Southern Africa. 
* 
See G. Etienne, Foodgrain Production and Population in Asia: China, 
India, Bangladesh, in World Development, Oxford, 1977. I made also some 
estimates on Pakistan and Bangladesh in Le club de Rome et 1'Asie: mort ou 
survie, Espri t ,  2 (1975). In the following pages, I did not refer to the 
potential growth in North America and Western Europe. The recent book by J .  
Klatzmann Nourrir d i x  millards d 'homes ,  Paris, Presses de France, 1975, shows 
the potential in rich countries as well as in developing countries. 
In summary, although self-sufficiency in food grains will not be 
reached for all countries (in fact, it is not needed where there is diver- 
sification of the economy and the export sector grows fast enough) there 
is no reason to be too pessimistic. Regardless of political options, there 
are many possibilities for agricultural development. They involve more 
common sense, more and better organization and planning, a heavy concentra- 
tion on agricultural research and agricultural inputs and sound price 
policies for agricultural commodities and inputs. One can also reasonably 
hope that, within the next twenty to twenty five years, population growth 
will slow down; this is already taking place in some developing countries, 
e.g., Sri Lanka, Malaysia, the province of Taiwan. More efficient family 
planning policies should be carried out especially when recent experiences 
are taken into account.* 
THE MECHANISMS OF FAMINES 
Until the last century, people died of hunger mostly because of a lack 
of grain. The growing expansion of money in rural areas under colonial 
rule, and more so in the last decades has increased the importance of the 
price factor, since a growing number of rural people are paid partly or 
entirely in cash, as opposed to in kind. 
One of the worst famines of this century was the Bengal famine in 1943 
where, out of a population of 60 million, 1.5 to 3 million died of hunger. 
Grain stocks were no doubt low, but what was responsible for the starvation 
was the price of the grain which increased tremendously under the pressure 
of speculation, hoarding, etc. 
On the other hand, during the two consecutive years of very severe 
droughts in India (1965 and 1966), only a few isolated cases of starvation 
death were recorded. The Indian Government received ample supplies from 
abroad, mostly from the USA under P.L 480. (A total of nearly 18 million 
tons grain was imported during this two-year period.) The Indian adminis- 
tration organized the food distribution in a remarkable way: fair price 
shops were open where grain was sold on ration, covering part of the needs 
of the people, very poor people frequently received some free supplies. 
Such measures prevented an escalation of prices on the free market. 
These examples illustrate the kind of cooperation between rich and 
poor countries that can be successful: generous food aid from grain-rich 
countries, and an efficient system of distribution, particularly at the 
local level which is also very important. In 1974 in Bangladesh, for example, 
foreign deliveries were large, but, for a number of reasons, the authorities 
could not reach the required efficiency in distribution; hence, there were 
many deaths from starvation. Similar shortcomings have appeared in Africa 
* 
A more sober approach to population problems is needed than currently 
exists. It is, for instance, wrong to speak of failure in India and in 
other countries. Such changes do take time, and even in China, population 
control is far from complete, especially in rural areas where about 85 per- 
cent of the population live. However, in an increasing number of countries 
progress is noticeable. 
over t h e  l a s t  few years ,  a l though f o r e i g n  r e s p o n s i b i l i t y  i s  by no means small .  
Obviously, t h e  admin is t ra t ive  machinery i n  var ious  developing c o u n t r i e s  
needs t o  be improved and s trengthened i n  o rder  t o  avoid o t h e r  d i s a s t e r s .  I n  
such mat te r s ,  f o r e i g n  cooperat ion can only play a  l i m i t e d  r o l e .  
THE R I C H  IMPORTING COUNTRIES 
A number of r i c h  c o u n t r i e s  (both c a p i t a l i s t  and s o c i a l i s t )  a r e ,  o r  can 
be, s i z e a b l e  importers  of g r a i n .  Unlike developing count r ies ,  they buy 
g r a i n  n o t  t o  consume d i r e c t l y  but  t o  feed  c a t t l e ,  p i g s  and chickens. Thus, 
they absorb cons iderab le  amounts of g ra in :  about 6 t o  7 kg of g r a i n  a r e  
needed t o  produce 1 kg of b e e f ,  about 3.5 kg of g r a i n  t o  produce 1 kg of 
pork, e t c .  About 370 m i l l i o n  tons  of c e r e a l s  a r e  used per  year  t o  feed 
animals  i n  r i c h  count r ies  (30 percen t  of t h e  world populat ion,  s o c i a l i s t  
c o u n t r i e s  included);  t h i s  is more than the t o t a l  amount of g r a i n  consumed 
d i r e c t l y  by the  combined populat ion of China and I n d i a  (1.4 t o  1 .5  b i l l i o n ) .  
I f  p r o t e i n  needs a r e  r a t e d  100, a s  does the  FAO, a c t u a l  consumption f o r  
r i c h  c o u n t r i e s  averages 123 ( i . e . ,  123 f o r  Western Europe, 126 f o r  North 
America, and 127 f o r  Eastern Europe and the USSR). Such a  s i t u a t i o n  i s  
absurd. For example, a  recen t  survey has shown t h a t  i n  Switzer land about 50 
percen t  of  t h e  male populat ion i n  the  30 t o  39 age group a r e  overweight,  and 
i n  the  50 t o  59 age group, t h i s  f i g u r e  is 78 percent ;  about 30 percent  of 
t h e  women i n  t h e  40 t o  49 age group a r e  overweight.* 
It appears  high time f o r  r i c h  c o u n t r i e s ,  no mat te r  what t h e i r  ideology, 
t o  behave i n  a  more s e n s i b l e  way, so  t h a t  people reduce t h e i r  weight f o r  
h e a l t h  reasons and outlook! A t  the  same time, t h e i r  reduced i n t a k e  of food 
would i n c r e a s e  t h e  supply of g r a i n  t o  t h e  underfed people of t h e  world. 
* 
Sample survey by I n s t i t u t  d ' ana lyses  de marche, I .H.A. ,  Hergiswi l l ,  
L a  Suisse, Geneva, May 29, 1975. S imi la r  conclusions can be drawn from 
s e v e r a l  surveys made i n  the  USA and i n  o ther  c o u n t r i e s .  
Discussion 
Karsky noted that he found the presentation by Etienne stimulating. 
However, he wondered whether a reduction in the consumption of food of the 
industrialized nations would automatically lead to an increase in the avail- 
ability of food for the developing countries. A decrease in food consumption 
in the industrialized nations might simply result in an economic crisis. 
In reply, Etienne agreed that the problem is not simple; on the other 
hand, the overnutrition in the industrialized countries is absurd. The 
establishment of food reserves for emergencies seems to be of utmost import- 
ance, since many countries have not reached a minimum safe level of production 
If, for instance, a major crop failure should occur in a few Asian countries, 
there might be an acute food shortage. 
Weber remarked that famine was not new; there have been famines far back 
in history, the last real famine in Europe occurred in Ireland in 1846. Fur- 
thermore, he observed that until now all papers have overlooked the fact that a 
substantial part of the caloric intake is in the form of beverages; in France, 
for example, it accounts for as much as 10X of the total caloric input. And 
if a human society produces more food than it needs, the excess is converted 
into beer, wine, whiskey, and the like. Thus one cannot speak of an absolute 
maximum caloric intake. Why should the American of tomorrow not wish to eat 
steak for breakfast, lunch and supper? Every society with an excess of food 
has so far invented its own particular type of waste. Bottomley elaborated 
on this idea stating that this "societal waste" could be considered an 
emergency reserve. One may even say that the more waste there is, the higher 
the hidden reserve. 
Sanderson mentioned the most disturbing fact that food production in 
Bangladesh has been decreasing rather than increasing over the past twenty 
years. Unless the phenomena at work in Bangladesh can be better understood, 
the country will remain a major candidate for food aid for a long time. 
Parikh added that only a very careful and detailed study can reveal what 
might have been the decisive factors lacking in different parts of Bangladesh. 
Questioned by Rademaker why the plans exposed by Etienne were not realized 
in Pakistan ten years ago, Etienne replied that, during the past twenty years, 
it was believed that the main obstacles were institutional factors. Thus the 
main concern was for institutional change, not only in Pakistan but also in 
India and many other countries. During that same period, technical factors 
such as seed, fertilizers, and other inputs were badly neglected. Once these 
factors were given proper attention, big leaps forward can be observed--for 
example, an improved irrigation system in Pakistan, in combination with the 
introduction of Mexican wheat. As a result, food grain output in Pakistan 
expanded by lOOX over the last ten years. 
Sen added that important technological changes, if made available, might 
resulzn sudden increases in output. This possibility often did not exist 
before the 1960s. Richardson admitted that modelers may often underestimate 
the significance of technology, although, in most cases, they try at least 
implicitly to take into account technical changes. On the other hand, those 
designing technologies often underestimate the cost of implementing them and 
t end  t o  s e e  p o t e n t i a l s  a s  a lmost  c e r t a i n  r e a l i t y .  Most modelers  would a g r e e  
t h a t  t h e  technology i s  a v a i l a b l e  f o r  making t h e s e  r e g i o n s  s e l f - s u f f i c i e n t  
w i t h  even l a r g e r  p o p u l a t i o n s  than  e x i s t  now. However, t h e  c r i t i c a l  c o n s t r a i n t s  
l i e  i n  t h e  economic s e c t o r ,  i n b e  i n f r a - s t r u c t u r e ,  i n  t h e  sys tem of a g r i c u l -  
t u r a l  s u p p o r t ,  e x t e n s i o n  and market ing t h a t  p rov ide  t h e  b a s e ,  and i n  t h e  
i n c e n t i v e s  t h a t  a l low people  t o  u s e  t h e  technology.  
E t i e n n e  s t a t e d  t h a t  human behav io r  i s  ha rd  t o  d e p i c t  i n  a  model--one may 
have farming communities t h a t  a r e  ex t r eme ly  c l e v e r  and dynamic and o t h e r s  
t h a t  a r e  l e s s  s o .  
P a r i k h  asked t o  what e x t e n t  t h e  assumpt ions  of  E t i e n n e  might  have a l t e r e d  
t h e  message d e l i v e r e d  by MOIRA. De H o o ~ h  r e p l i e d  t h a t  i f  E t i e n n e ' s  assumpt ions  
a r e  c o r r e c t ,  t hey  have been u n d e r e s t i m a t i n g  t h e  development of p roduc t ion  i n  
S o u t h e a s t  A s i a ,  r e s u l t i n g  i n  l e s s  n e t  hunger than  i s  shown i n  t h e  model.  He 
and h i s  c o l l a b o r a t o r s  would c e r t a i n l y  b e  happy i f  t hey  were proven wrong i n  
t h a t  r e s p e c t .  I n  r e p l y  t o  a n o t h e r  q u e s t i o n  by P a r i k h ,  de  Hoogh s a i d  i t  was 
n o t  p o s s i b l e  f o r  them--owing t o  t h e  l a c k  of da t a - - to  c o n t r o l  t h e i r  model by 
runn ing  i t  f o r  t h e  pe r iod  1930 t o  1970. Richardson added t h a t  i n  t h e i r  model, 
t hey  r a n  such compar isons ,  r e s u l t i n g  i n  r a t h e r  good agreement between 
c a l c u l a t e d  and a c t u a l  d a t a .  
I n t e r n a t i o n a l  Food Fund ( IFF)  Concept  t 
Nake M. Kamrany 
I .  I n t r o d u c t i o n  
T h e r e  a p p e a r s  t o  be  a  d i s s o n a n c e  between t h e  demand and t h e  
s u p p l y  o f  food  v e r s u s  t h e  need and t h e  s u p p l y  of  food  on t h e  
g l o b a l  b a s i s .  
Sgf > Dgf 
Sgf < Ngf 
Qgf > Rgf 
T h i s  g l o b a l  d i s s o n a n c e  between food  s u p p l y  and food  need 
r e q u i r e s  examina t ion  o f  t h e  long- te rm a l t e r n a t i v e s  f o r  t h e  
d e f i c i t  r e g i o n s  and a n  a s s e s s m e n t  o f  t h e i r  a b i l i t y  t o  become 
s e l f - s u p p o r t i n g . *  
Thus,  t h e r e  i s  a  need f o r  an i n t e r i m  s o l u t i o n  t o  f i l l  t h e  
gap  ( S f g  < Nfg) between now and t h e  t i m e  needed f o r  t h e  food  
d e f i c i t  c o u n t r i e s  t o  r e a c h  a  s t a t e  o f  s e l f - s u p p o r t .  
' p r e l i m i n a r y  o u t l i n e .  
* 
F o r  I l l u s t r a t i v e  approach  see W.W. S e i f e r t  and  Nake M. 
Kamrany, A Framework f o r  E v a l u a t i n g  Long-Term S t r a t e g i e s  f o r  
t h e  Development of t h e  Sahel-Sudan Region, C e n t e r  f o r  P o l i c y  
A l t e r n a t i v e s ,  M a s s a c h u s e t t s  I n s t i t u t e  o f  Technology,  Cambridge, 
Mass. ,  December 1974. Also ,  f o r  an a n a l y s i s  o f  problem i d e n t i -  
f i c a t i o n  and r e s u l t a n t  p o l i c y  i m p l i c a t i o n  see Nake M. Kamrany, 
The T h r e e  V i c i o u s  C i r c l e s  o f  Underdevelopment:  The Sahel-Sudan 
Case  of  West A f r i c a ,  S o c i o - E c o n . P l a n . S n i . ,  2 ( 1 9 7 5 ) ,  137-45. 
The idea of an International Food Fund was first presented 
by me to an IFIAS Project Workshop held at Aspen-Berlin, 
February 5-7, 1975. This concept had the benefit of reactions 
by the participants of the workshop*. 
I am abstracting from numerous ideas and/or reviews of 
material on the same and/or similar topics. This is done inten- 
tionally for the sake of clarity, simplicity, operationality, 
and getting to the heart of the subject without undue delibera- 
tion and/or esoteric elegance; and for the fear that the idea 
may get bogged down with too many details and may suffer from 
compromises. 
The basic approach is an incremented or gradual solution 
toward the world food problem in contradistinction to a total 
or dramatic solution. We have not achieved world freedom from 
hunger. 
Thus, the problem of global emergency food shortages is 
identified as the central theme and its solution represents 
perhaps the most pragmatic approach to the general solution of 
the global food problem. 
As such, we will be linking problems of the immediate time 
horizon to those of the short term (5-10 years) and the long run 
(25 years or more) time horizons. 
Moreover, we will be linking the micro (country or region) 
analysis to the macro (global) picture and vice versa. 
* 
See The Policy Implications of Food and Climate Interactions, 
International Federation of Institutes for Advanced Study and 
the Aspen Institute for Humanistic Studies, May 1, 1975. 
The institutional structure will be that of the establish- 
ment of an International Food Fund--whose aim will be to guaran- 
tee emergency food requirements to its member nations (member- 
ship shall be open to all nations including the materially rich 
and the materially poor). Such an institution could provide a 
base for implementing policy implications of innovative research 
and modeling activities in pursuit of its objectives. 
A preliminary cost analysis for IFF has been prepared.* 
11. Basic Assumptions for IFF 
Note: The global models presented at this conference and 
other are useful in and modifying some 
of the following assumptions made about IFF and may 
provide the necessary insight toward the feasibility 
of IFF. 
1. Over the next quarter century (1975-2000), world popula- 
tion growth rate will be steady, i.e. will be equal to or slightly 
smaller than the existing rate (birth control measures have 
largely failed whether they were launched by the public or 
private agencies, national governments, bilateral aid arrange- 
ments, or international agencies). 
2. Total world food production will be equal to or greater 
than the total world food consumption requirements for adequate 
* 
See P.L. Rogers, Analysis-Costing of Emergency International 
Food Fund (IFF), paper presented to a Special Studies Seminar on 
Policy Analysis, Center for Policy Alternative, Massachusetts 
Institute of Technology, Cambridge, Mass., 1975. 
per-capita diet regardless of foreseeable climate fluctuations. 
(This is actually a very conservative assumption). An optimis- 
tic or average assumption could claim that world food produc- 
tion could be substantially increased to support world popula- 
tion of the year 2000 by a factor of X (X > 11, especially if 
new sources of food are included in the assumption plus the 
observation made that less than 50% of the arable land in the 
world is in production and the crop yield of drought prone 
regions could be improvided. Also, measures could be taken 
to counter agricultural sensitivity to weather conditions, im- 
prove malfunction in food distribution, and counter price mani- 
pulation by big buyers. The impact of climate technology could 
improve by the end of this century to counter climatic anomilies 
although in the next decade, the probability of a substantial 
cooling from natural causes or a trend toward a warmer climate 
from human influences is not very high. However, the frequency 
of droughts on a world-wide basis has increased since 1800, 
requiring a concentrated effort to counter their direct and 
indirect effects. 
3. Reliance on market mechanism or food grants will not 
bring into balance (equilibrium) the need for and quantity of 
food for meeting emergency and minimum per capita food require- 
ments on a world-wide basis. Therefore, a non-market approach 
to meeting emergency and minimum per-capita food requirements 
is necessary. (It should be noted that for transactions above 
the emergency and minimum food requirements we have reserved 
comments about the appropriateness of the market mechanism). 
4. Materially poor countries will aim to reduce and 
eventually eliminate economic dependence, i-e., they will reach 
self-support over time. However, the higher food cost, partly 
due to oil prices and imports of food from long distances, will 
adversely affect their ability to reach the status of self- 
support within a reasonable time span. 
111. Guiding Principles for IFF 
1 .  IFF will function on the principle of full participa- 
tion by its member nations. Although the bulk of IFF  initial 
funding would, of course, have come from a relatively few materi- 
ally rich countries, all member countries should contribute on 
an equitable basis. A sliding index will be developed for initial 
and continuing fees. 
2 .  IFF  will be a not-for-profit, non-political, autono- 
mous organization. The spirit of detente may contribute to such 
an organizational structure. 
3. IFF  might be established at first to provide emergency 
food assTstance, but with the view of moving, if the member 
nations wish, into a larger role of balancing out surplus and 
deficit production among participating nations. 
4. IFF  will draw its annual operating financing from a 
Progressive food tax (all members) and ability to borrow in the 
fund market with preferential treatment by the fund market. 
5 .  IFF will meet the deficit for minimum per-capita food 
requirements for countries whose per-capita income falls below a 
certain level (to be determined) at a fixed cost (to be determined). 
For countries whose per-capita income is above that level, the 
cost will increase until it reaches the market or going price. 
6. IFF will purchase its food requirements and may 
provide price support for needed commodities at a relative 
price index (e.g. OPEC intended approach for price indexing 
of oil). 
7. Among other things, IFF will carry out a weather 
and crop monitoring, develop contingency plans for extreme 
weather conditions both good and bad; including measures for 
food distribution and storage. 
Discussion 
Gallopin inquired whether, in the particular case of the Sudan region, 
Kamrany would conclude that the restrictions are mainly of a socio-political 
nature. In reply, Kamrany stated that they had investigated many foreign-aid 
programs, and concluded that they are almost useless, because of limited 
rainfall, and so forth. It is of utmost importance that those responsible 
in the region understand the situation and arrive at an agreement to limit 
the number of cattle in certain parts of the country. This is not unlikely; 
in many parts of the world similar tribal systems exist whereby tribes come 
to a compromise on the basis of some understanding of the main problem. 
Furthermore, Kamrany stressed that in their model possible climatic 
adversities have been included, based on information about the last four 
hundred years. 
Swain asked whether possible shortfalls in a particular year would not 
affect prices and therefore the demand for funds in the International Food 
Fund. Kamrany replied that such checks were made. Their assumption was 
that at worst, one would need 17 to 18% of the normal consumption for contin- 
gencies, but on the average, 5 to 6% would be sufficient. 

World Agriculture: Reassessment of Trends and Policies 
Fred H. Sanderson 
Introduction 
Like other recent studies of the subject,  the Brookings project was 
prompted by the world-wide debate over the nature of the "food c r i s i s . "  
Are current shortages and high prices of agr icul tural  commodities a t ransient  
phenomenon, or do they signal a fundamental change i n  the re la t ion  between 
world food supplies and demand? 
As a f i r s t  s t ep  toward answering t h i s  question, an analysis was 
made of the immediate causes of the food c r i s i s .  The analysis shows t h a t  
the events of the past  three years can be explained as the resu l t  of t ransi tory 
factors :  an unusual, but not unprecedented, se r i es  of crop shor t fa l l s  i n  the 
USSR, South Asia, and North America; and the f a i l u r e  of the major producing 
and consuming countries t o  prepare f o r  such an eventuali ty.  The c r i s i s  could 
have been avoided i f  the United Sta tes  and other countries had been more 
prudent i n  maintaining grain production and adequate stocks.  Between 1967 and 
1972, U.S. wheat acreage was cut back from 59 t o  48 mill ion acres;  U.S. coarse 
grain acreage was cut from 103 t o  96 mill ion acres;  Canada's wheat acreage 
was cut  from 31 t o  22 million acres.  I f  the acreage had been held a t  the 1967 
level ,  more than 100 million tons of additional grain would have been available 
i n  1972. I f  the acreage had been held a t  the somewhat lower 1968 level ,  more 
than 50 mill ion tons of additional grain would have been available -- more 
than enough t o  r ide  out the crop fa i lu res  of 1972 t o  1975 without s ignif icant  
price increases. 
Fred H. Sanderson, "The Great Food ~umble," Science, May 9, 1975. 
This explanation does, of course, not preclude the poss ib i l i ty  that 
the  world -- or  major parts of it -- may be confronted with an adverse change 
in Low-term trends of food supply and demand. That f ea r ,  recurrent since 
Malthus, is based on the apparent imbalance between an exponentially r i s ing  
demand f o r  p r i m r y  f m d  energy, spurred by population and income growth, and 
the plausible expectation of diminishing returns from land, water, f e r t i l i z e r  
and other inputs. This imbalance should be ref lected in r i s ing  r e a l  costs 
of food production u n t i l  food production f i n a l l y  reaches the  p w s i c a l  limits 
of land, water and f e r t i l i z e r  use. Rising r e a l  costs,  i n  t u n ,  would impede 
any improvement i n  the already inadequate d i e t  of the poor countries and 
would eventually force even the aff luent  t o  cut down on the food-energy 
wasting conversion of grain in to  l ivestock products. 
Pas t !bends 
We know that t h i s  has not happened. World grain production -- which 
accounts f o r  three-fourths of the production of primary food energy -- has 
been r i s i n g  a t  a f a i r l y  steady r a t e  of about 3s annually during the past 
quar ter  century -- well ahead of population growth i n  the aff luent  countries, 
and s l i g h t l y  ahead of population growth i n  the developing countries (chart  1 
and Table 1 ) .  
This growth of world food production w a s  accomplished mainly by ra is ing 
yields per acre,  and only t o  a minor and diminishing extent,  by expanding 
acreage. In the past 25 years, cult ivated acreage did not increase a t  a l l  
i n  the developed countries as  a group while it contributed about one-third 
of the increase i n  food production i n  the developing countries. 
Grain yields per acre have been r i s i n g  a t  annual ra tes  of 3% i n  
Table 1 
&ma1 Rates of Growth of Grain ~ o d u c t i o n . ~  Yields, and Population, 
1950 - 1973 
U. s. 
Canada 
Argentina 
Brazil 
India 
Pakis t& 
-lades# 
min Production Grain Yields Pornlation 
2.6 3.8 1.4 
1.1 1.3 2.1 
Average of f i r s t  three years to average of l a s t  three years. 
11963 - 1973. 
developed countries and 2% i n  developing countries.  Contrary t o  what one 
might expect, the growth of y i e lds ,  with some exceptions, has not slowed 
d m  (Chart 2 ) ,  even i n  the  developed countries where they already a r e  high 
(Table 2) .  
Increased yie lds  were made possible by technological progress. The 
"law of diminishing re turnsn notwithstanding, the  net  e f f e c t  of increased 
appl ica t ions  of f e r t i l i z e r  and pes t ic ides  by and l a rge  h s  been cost-reducing. 
This has a l s o  been t rue  of investments i n  i r r i g a t i o n ,  drainage, and water 
control .  In  f a c t ,  some of the  most important breakthroughs i n  ag r i cu l tu ra l  
technology (hybrid seeds) led t o  dramatic increases i n  y ie lds  a t  very low 
costs. 
While the  r a t e  of growth of g ra in  production averaged about 3% f o r  
the  world, as well  a s  f o r  developed and developing countries a s  a whole, 
it has lagged in some countries (~ang ladesh) ,  In  India gra in  production 
has level led  off  during the  pas t  few years ( i s  p a r a l l e l  with f e r t i l i z e r  use )  
s o  that grain  imports became necessary on an increasing s c a l e  t o  maintain 
food suppl ies  per capi ta .  It is a l s o  important t o  keep i n  mind t h a t  the  
narrow margin between food production and population growth has permitted 
only a very slow improvement in  the inadequate d i e t s  of some of the  densely 
populated developing countries.  Indeed there is evidence t h a t  the annual 
improvement i n  per capi ta  food production i n  these  countries was not always 
s u f f i c i e n t  t o  meet the increase i n  e f fec t ive  demand re su l t ing  from r i s i n g  
incomes. Such imbalances a r e  generally ref lec ted  i n  r i s i n g  food pr ices ,  
ra t ioning,  growing food imports, o r  a combination of these.  
U.S. 
Canada 
USSR 
Bland 
Argentina 
Brazil 
hd ia  
Pakistan 
Bangladesh 
4 Average of f i r s t  three years to  average of l a s t  three years. 
1963-65 base reduced by two drought years. 
& o . i e c t i o a  
Long-term forecasts  of food demand and supply are  notoriously 
hazardous. Demand projections must take account of such factors  as population 
and income growth, income d i s t r ibu t ion  and urbanization, food prices,  e t c .  
Supply projections must assess the  e f fec t s  of r i s i n g  demand f o r  food on 
food production and the  costs of production. This involves an assessment 
of the poss ib i l i t i e s  and costs of increasing yie lds  by applying more water, 
f e r t i l i z e r ,  pesticides,  improved seeds, and improved cul t ivat ing practices; 
the  poss ib i l i t i e s  and costs of bringing additional land i n t o  cul t ivat ion;  
the  e f fec t s  of government pol ic ies  affect ing agr icul tural  production, 
product and input prices,  c red i t s ,  investments, education and research, 
land tenure and ownership. Supply and demand projections a re  both subject 
to great  uncer ta int ies ,  resul t ing i n  a wide range of possible surpluses 
o r  d e f i c i t s  which are  subject t o  even wider margins of e r ro r  than the  under- 
lying estimates of supply and demand. 
One might think t h a t  the formidable array of factors  and relationships 
involved, and the  uncertainties attached t o  each, would be su f f i c ien t  t o  
give pause t o  anyone tempted t o  forecast  f o r  more than a few years ahead. 
Yet long-term projections have been made -- increasingly i n  the  context of 
complete econometric models -- and w i l l  continue t o  be made. 
In what follows we s h a l l  review br ie f ly  (a )  the  t rack record of some 
past  attempts t o  forecast  food demand and supply and (b)  recent projections 
by FAO, the  Economic Research Service of the U.S. Department of Agriculture 
and others.  
Past projections have, in general, tended t o  underestimate both 
population growth and food production. Thus the Riley  omm mission,^ projecting 
President's Materials Policy Commission, Resources f o r  Freedom, 
1952, Vol. V, Report 7 (submitted by John D. Black and Arthur ~ n a s s ) .  
f r o m  1950 t o  1975, anticipated a 28% increase i n  the  U.S. ppu la t ion ,  t o  
193 million; the actual ppu la t ion  growth turned out t o  be 415, t o  219 
million. Although the Cotmission underestimated the r i s e  i n  r e a l  d i s p s a b l e  
income per capita,  it was r igh t  i n  projecting only a modest increase (11%) 
In food consumption per capi ta  i n  the United States .  The Conunission fa i l ed  
to ant ic ipate  the dramatic expa~lsion of world demand for  American grains 
and soybeans. On the supply s ide,  the  actual growth i n  output and yields 
generally exceeded the upper end of the range projected by the C o d s s i o n  
(Table 3 ) .  
Rogers and Barton,l/ who had tk benefit  of postwar experience up t o  
1960, s t i l l  f e l l  considerably short  in projecting 1975 grain yields i n  the 
U.S., par t icular ly  of corn, which they put a t  only 61 bushels per acre, as 
compared with the  current average yield of close t o  100 bushels. 
The current generation of projectionists is more circumspect 
Rogers, R. 0. and Barton, Glen T., Our Farm Production Potential ,  
1975. USDA, 1960. 
Notably the following: 
FAO: Agricultural C o m d i t y  Projections, 1970-1980, Rome, 1 9 n  
(Single scenario).  
FAO: Assessment of the World Food Situation, Present and Future, 
Rome, 1974. 
U.S. Department of Agriculture, Economic Research Service, World 
Trade Models: 
( a )  World Demand Prospects f o r  Grain i n  1980, Dec. 1 9 n .  
( b )  The World Food Si tuat ion and Prospects t o  1985, Chapter 4, 
R o  jected World Food Supply and Demand, Dec. 1974. 
(c  ) Alternative Futures fo r  World Food, Working Materials, 
August 1975. 
Jowa S ta te  University: 
Blakeslee, Eeady and Framningham, World Food Production, Demand 
and Trade, Iowa S ta te  University Press, 1973. 
Resources for  the Future : 
A. B. Carr and David W. Culver, Agriculture, Popllation and the 
Environment, i n  Commission on Popllntion Growth and thc American 
Future, Volume 3 ,  1972. 
Paley Commission F?o,jections d 
(1975 as  % of 1950) 
Population 
Real disposable income per capita 
Food consumption per capita 
Total food consumption 
Production d 
~ 1 1  crops d 
Wheat 
Corn 
Soybeans 
Yields per acre d 
Wheat 
Corn 
Soybeans 
Export volume 
Wheat and f lour  
Oilseeds and products 
Actual 
141 
171 
113 
159 
d President's Materials Policy Commission, Resources f o r  Freedom, 
1952, Vol. V, Report 7 (submitted by J. D. Black and A. Maass). 
Upper L i m i t :  Assuming " fu l l ,  e f f i c ien t  and economic application 
of available technology," Lower l i m i t :  Yield " l ikely  t o  be expected on 
the  basis  of past experience ." 
Weighted average of food and feed crops. 
i n  t h a t  they generally refuse t o  commit themselves t o  any s ing le  projection 
based on a s ing le  s e t  of assumptions. Typically, current projections a r e  
c a s t  i n  the  form of a l t e rna t ive  scenarios based on a l t e rna t ive  assumptions 
as t o  population growth; income growth; production, p r i ce  and trade pol ic ies ;  
environmental policy const ra in ts ;  e t c .  
The ana ly t i ca l  techniques have a l s o  become more sophis t ica ted .  While 
the FA0 s tud ies  a re  e s sen t i a l ly  projections of the "gap" between demand 
(estimated on the basis of a l t e rna t ive  assumptions as t o  p p u l a t i o n  and income 
growth) and supply (based on extrapolations of past  growth r a t e s ) ,  o ther  s tudies  
have attempted t o  take account of the  in terac t ions  between supply and demand 
via  pr ice ,  increasingly by means of econometric models involving in t e r re l a t ed  
demand and supply functions involving pr ice  as a var iable .  Such s tudies  a re ,  
however, handicapped by the uncertain s t a t e  of our empirical  knowledge of 
long-term supply and demand e l a s t i c i t i e s ,  input-output coeff ic ients ,  e t c .  
Table 4 compares the annual growth r a t e s  f o r  p p u l a t i o n ,  income and 
demand f o r  gra ins  ( f o r  a l l  u ses )  shown i n  the two l a t e s t  s tudies  by FA0 and 
the U.S. Department of Agriculture, two e a r l i e r  s tudies  (1971) by the same 
organizations,  and ac tual  growth r a t e s  observed during the  period 1961-1970. 
A s  can be seen, the  forecas ts  of population and income growth a r e  
remarkably consis tent .  Both organizations have ra ised  t h e i r  s igh t s ,  i n  t h e i r  
most recent s tud ies ,  as t o  the  probable economic growth of developing countries.  
There is l e s s  agreement a s  t o  what t h i s  w i l l  mean in  t e r m  of demand f o r  ce rea l s .  
The f a c t  t h a t  the implied income e l a s t i c i t i e s  a r e  a l l  lower than those 
derived from past  experience might be considered consistent  with Engel's law 
and the  expectation of fu r the r  gains i n  ef f ic iency of conversion of gra in  
b b l e  4 
&oiections of Grain Demand bv F A 0  and USDA/ERS 
(Comparison of Annual Growth Rates ) 
DC's 
51-70 F A 0  71 B s i l  F A 0  7bd 
Population 1.1 1.0 1.0 0.9 
GNP 4.4 5.2 4.3 4.5 
Grain demand 2.5 2.0 2.0 1.7 
Per cap. demand 1.5 1.0 1.0 0.8 
Per cap. GNP 3.3 4.2 3.3 3.6 
Implied e l a s t i c i t y  0.45 0.24 0.30 0.22 
LDC's 
61-70 F A 0  71 E M  71 F A 0  74 
Population 2.6 2.7 2.6 2.7 
GNP 4.6 5.4 4.7 6.4" 
Grain demand 3.7 3.2 3.3 3.3 
Per cap. demand 1.1 0.5 0.7 0.6 
Per cap. GNP 2.0 2.7 2.1 3.7 
Implied e l a s t i c i t y  0.55 0.17 0.33 0.16 
YSSR and EE 
61-70 FA0 71 EEuI  FA0 74 ERS 7 4  
Popllation 1.3 1.7 1.2 -- 1.3 
GNP 6.5 5.8 5.5 -- 5.3 
Grain demand 4.3 2.1 1 .8 -- 2.3 
Per cap. demand 3 .O 0.4 0.6 -- 1.0 
Per cap. GNP 5.2 4.1 4.3 -- 4 .O 
Implied e l a s t i c i t y  0.58 0.10 0.14 -- 0.25 
w: 1961-70: USDA/ERS The World Food Si tuat ion and Prospects t o  1985, 
Dec. 1976, Table 8. (1960/62-1969/71) 
FA0 1971: Agricultural Commodity Projections, 1970-190. 
ERS 1971: USDA/ERS, World Demand Prospects f o r  Grain in 190,  Dec. 1971 
( ~ a s e  period 1964/66). 
FA0 1974: Assessment of the  World Food Si tuat ion,  Present and Future, 
Nov. 1974. 
ERS 1975: Projections t o  1 9 5 ,  Alt. 1, Working Materials, August 1975. 
botno-: Includes USSR and Eastern Europe. 
p/ "Trend growth" assumption, including oil-exporting countries 
(5.7 o i l  exporters are excluded). 
E/ Including PRC. 
in to  livestock products; but can we rea l ly  expect them t o  drop s o  sharply? 
One might expect inccnne e l a s t i c i t i e s  of t o t a l  grain demand t o  be high a t  
the lowest income levels (as i n  South Asia), lower i n  developing countries 
emerging from poverty but s t i l l  on a largely  vegetarian d i e t ,  lowest perhaps 
i n  newly aff luent  countries such as Japan (because of the lag i n  die tary  
habi ts) ,  then r i s i n g  again as the growing demand f o r  animal products is reflected 
i n  increased use of grain fo r  l ivestock feeding, and f ina l ly ,  declining as the con- 
sumption of l ivestock products approaches the sa turat ion point. One would a lso  
expect t h i s  re la t ionship t o  be affected by other factors  such as  the  price and 
ava i l ab i l i ty  of grain, the ava i l ab i l i ty  of pasture snd other non-grainfodder, 
the  ava i l ab i l i ty  and price of foods not based on grain  and of consumer goods 
otlaer than food, and by differences i n  die tary  responses t o  r is ing incomes 
(some re la t ive ly  poor countries i n  Latin America have a strong preference f o r  
animal products as incomes r i s e ) .  Finally,  there are  serious questions con- 
cerning the r e l i a b i l i t y  of the data (on both grain consumption and incomes) 
and the comparability of the per capita incomes converted a t  o f f i c i a l  exchange 
r a t e s .  Factors l i k e  these may account f o r  the poor corre la t ion between income 
e l a s t i c i t i e s  of grain demand and average per capita incomes evident in  Chart 3 .  
In view of these uncertainties,  it may be id le  t o  add y e t  another 
global projection of world grain demand t o  those already exis t ing -- 
par t icular ly  one tha t  is not based on a careful analysis of the demand f o r  
spec i f i c  foodstuffs and of grain requirements f o r  d i f ferent  uses t h a t  follow 
from it. The main jus t i f i ca t ion  f o r  doing so is t h a t  the assumptions and resu l t s  
would seem to  be no l e ss  plausible than those implied elsewhere co able 5 ) .  
Table 6 compares the  resul t ing projections of t o t a l  gra in  demand t o  
mLcL 
rn.iections of World Grain Demand 
ACY 
Population Millions 1072 1755 794 
Income per cap. 1970 $ 3100 310 176 
Elas t ic i ty  1960-70 0.45 0.55 0.58 
Grain cons. per cap. Kgs. 577 220 257 
Total grain cons. Mil1M.T. 617 396 204 
Population Growth r a t e  ($) 0.9 
Millions 1222 
Income per cap. Growth r a t e  ($) 3.5 
1970 $ 5208 
Elas t ic i ty  1970-85 0.40 
Grain cons. per cap. Kgs. 710 
Total grain cons. Mi1lM.T. 870 
Growth ra te  ($1 2.3 
Population Growth ra te  ($) 
Millions 
Income per cap. Growth ra te  ($) 
19-70 $ 
Elas t ic i ty  197045 
Grain cons. p r  cap.d Kgs . 
Total grain cons. Mill  M.T. 
Growth ra te  ($) 
World 
3621 
Including USSR and EE. 
p/ Asian central ly  planned economies. 
E/ Rice included on paddy basis. 
B b l e  6 
&muarison of Projections of World Grain Demand. 1995 and 2000 
(Mill. M. T. ) 
& Includes USSR and EE. 
h/ Market economies 
1970 
DC~S=' 617 
LDC's 386 
A C P ~  2& 
World 1207 
Asian centrally planned economies. 
1990 
FA# 
547 
735 
326 
l g l l  
1985 
Table 5 FA& ERS I d 
970 796 890 
720 629 620 
304 300 260 
1994 1725 1770 
FA0 Assessment, 1974. 
2000 
Table 5 , 
1120 
1325 
430 
2575 
USDA/ERS, The World F3od Situation and Prospects t o  1995, Table 16, 
Alternative I. Adjusted for  difference in  1970 base due t o  (a) inclusion 
of r i c e  on milled basis, (b) omission of North Korea and North Vietnam 
i n  EElS studies.  
1 9 5  with those derived from other s tudies .  It may be somewhat reassuring 
that the differences between the extremes of the range a re  of the order of 10-15 
percent o r  l e s s .  
Supply projections a re  beset with even greater  conceptual and s t a t i s t i c a l  
d i f f i c u l t i e s  than demand projections. The FA0 Assessment merely extrapolates 
production trends obsemed i n  1961-1973 and f inds ,  on this basis ,  tha t  the  
resul t ing supply-demand d e f i c i t  of the developing countries can be met by 
the projected surplus of the developed countries. Most studies have, indeed, 
a s s w d ,  on the basis of past experience, tha t  the increase i n  demand can be 
met  through increases i n  yields per acre,  and/or increases i n  acreage, and/or 
double cropping, wi thmt  s ignif icant  increases i n  c s t s .  In e f f e c t ,  this 
implies perfect e l a s t i c i t y  of supply, over the long term, f o r  the anticipated 
range of demand increases. Other studies (paley Commission, Resources f o r  
the  ~ u t u r e )  have made rough allowances f o r  increases i n  costs tha t  may be 
expected t o  r e s u l t  from a speeding up of the h i s to r i ca l  r a t e  of growth of 
production (and i n  the case of RFF, from environmental policy constraints on 
the use of cer ta in  inrnts) .  The ERS model specif ies  area and yie ld  e l a s t i c i t i e s  
f o r  crops (as well a s  supply e l a s t i c i t i e s  f o r  l ivestock products) and f inds  
t h a t  grain exporting countries w i l l  be able t o  meet prospective demands f o r  
grain and o i l  meal in 1935 without s ign i f i can t  increases i n  r e a l  costs,  except under 
the  high demand al ternat ive  when costs are  estimated t o  r i s e  by 25-3C$ over the 
1970 base.  h he RFF study comes t o  a s imilar  conclusion f o r  the  year 2000). 
How useful are these projections? Skeptics can p i n t  out tha t  the 
resu l t s  depend heavily on the assumptions concerning the  future  growth of 
population, income and productivity. To the extent t h a t  the  demand and 
supply e l a s t i c i t i e s  and input-output functions used i n  the  projections are  
derived from empirical observations, they are based on scanty and questionable 
data.  Important ins t i tu t iona l  and policy variables tend t o  be ignored because 
they do not lend themselves readi ly  t o  quantitative analysis.  Considerations 
l ike  these have led a panel of the  U.S. National Academy of Sciences t o  
conclude: ' m l e  models and mathematics may be helpful i n  making exp l ic i t  
implications of various assumptions, they cannot reduce the  uncertainty of 
the future .  Moreover, they m y  deceive the unwary, who of ten assume t h a t  
spec i f i c  numbers are  somehow more accurate than verbal descriptions.  11 u ms 
judgment may be too sweeping but it cer ta inly  has some val idi ty .  
Limi t s  t o  Growth 
There a re  nevertheless, some general conclusions t h a t  can be drawn: 
1. With world population v i r t u a l l y  cer ta in  t o  increase from 4 b i l l i o n  
a t  present t o  over 6 b i l l i o n  by the  turn of the century, the effect ive  world 
d e m d  f o r  grains may be expected t o  double, from 1400 million tons i n  1975 
t o  2500 mill ion tons in 2000. 
2. Past r a tes  of production growth would be su f f i c ien t  t o  meet t h i s  
growth i n  demand. 
3.  There are  no physical l i m i t s  t ha t  would prevent a doubling of 
world food production. Indeed, world food production could be raised t o  a t  
l e a s t  four times its present l eve l  by applying the  best  technology presently 
J/ National Academy of Sciences, Agricultural Production Efficiency, 
1975, P. 134. 
known. This conclusion is based on the following considerations: 
(a) There is ample room f o r  fur ther  increases i n  yields per acre.  
In the industr ia l  countries, average yields f a l l  f a r  shor t  of those achieved 
by the most e f f i c ien t  producers, l e t  alone those i n  experiment s t a t ions ,  and 
the use of f e r t i l i z e r s  is s t i l l  r i s ing .  In the developing countries, 
poss ib i l i t i e s  of improving yields a re  even greater .  Average grain yields i n  
these countries a re  less  than half those i n  the indus t r i a l  countries. 
F e r t i l i z e r  and pesticide use are less  than one-fifth t h a t  i n  the U.S., l e s s  
than one-tenth t h a t  i n  Western Europe and one-twentieth t h a t  i n  Japan. 
(b)  Studies by the President's Science Advisory Committee (1967), Iowa 
S ta te  University, the U.S. Deplrtment of Agriculture and FA0 a l l  indicate 
t h a t  a t  l e a s t  twice as much land as  is now being used is sui table  fo r  crop 
production. The potent ia l  f o r  expanding crop acreage is par t icular ly  great 
i n  Latin America where it could be quadrupled. Furthermore, i n  many areas 
blessed with a warm climate and an adequate water supply, there are substant ia l  
poss ib i l i t i e s  fo r  increasing multiple cropping. u 
( c )  Only a small f ract ion of the annual supply of water is used i n  
crop production. ( ~ v e n  i n  South Asia, l e s s  than one-third of the "economically 
useable" water is  being used i n  crop production, and t h a t  is used ine f f i c ien t ly . )  
4. As mentioned e a r l i e r ,  t h i s  conclusion does not  allow fo r  the 
probabili ty of continuing advances in  plant breeding, pest control technology, 
i r r iga t ion  techniques, water desalination, and the developnent of foodstuffs 
and par t i cu la r ly  livestock feeds from presently unutilized organic materials 
Thus the Panel on World Food Supply of the President's Science Advisory 
Committee estimated the maximum gross-cropped area a t  16.3 b i l l i o n  acres,  as  com- 
pared with 7.88 b i l l ion  acres potentially arable land, and 3.43 bi l l ion  acres 
actually harvested. PSAC, The World Food Problem, Vol. 2, p. 434. 
derived from land or ocean resources. There is no reason t o  believe tha t  
agricultural technology has reached the end of the road. 
5 .  While the world is f a r  from "running out of" land, water, and 
energy, there are some areas which are  considerably closer t o  the p b s i c a l  
limits of exploitation of the i r  agricultural resources (Japan, china). 
6 .  In most developing countries, the major limiting factors on the 
r a t e  of g rmth  of agricultural production are  economic, pol i t ical ,  and 
inst i tut ional  rather than physical. 
7. For a l l  practical purposes, the problem of future food supplies 
comes down to a question of costs. What w i l l  be the effects on unit  c w t s  
of production of bringing i n  additional acreage, of bet ter  water control 
and additional irrigation? The investment requirements may seem staggering 
but one must keep in  mind tha t  these are permanent improvements which can be 
amortized over long periods of time. Current operating costs per uni t  of 
outplt  may increase with increasing applications of f e r t i l i z e r  and pesticides, 
and it is possible (though not cer tain)  that  the world may be faced with a 
permanent increase in  energy costs; but these factors may continue t o  be 
offset  by the cost-saving effects of new technologies. 
8. The econometric models have been useful i n  spelling out the 
mathematical consequences of alternative assumptions. For example, the 
uSDA/ERS projections under Alternative IV indicate tha t  i f  f e r t i l i z e r  and 
associated inputs were increased by 1 t o  1 1/2 percentage points per year 
b/ Thus Walter H. Pawley estimates that  36 bi l l ion  people could be fed 
100 years from now, assuming two major technical breakthroughs: the developnent 
of economic methods of desalination of sea water and the developent of methods 
t o  deal with tropical so i l s  ("In the Year 2070, I' Ceres, July-August 1971). 
above the trend ra tes  of growth observed i n  1960-72 (about 8$), it would 
enable the developing countries as a gmup t o  avoid arly s ign i f i can t  dependence 
on food imports. E%ut thus f a r  a t  l e a s t ,  they have not contributed much t o  
the analysis of the economic, po l i t i ca l  and ins t i tu t iona l  impediments t o  the 
gronth of agr icul tural  production, or  thrown much l i g h t  on the e f fec t s  on 
production costs of increased demand f o r  food. 
Brookinrrs Pro.iect 
The Brookings project w i l l  concentrate on an intensive study of the 
physical, technological, econmio, and ins t i tu t iona l  factors  affect ing 
grain demand and supply i n  nine countries or  areas t h a t  account f o r  
the bulk of world agr icul tural  trade.  The emphasis w i l l  be on the search f o r  
factors  tha t  have been operative i n  the past ,  and t h a t  a re  l i k e l y  t o  be most 
relevant i n  the future,  i n  spurring or  impeding production. 
The fac to r s  determining demand w i l l  include population, income, urbaniza- 
t ion ,  income dis t r ibut ion,  price policy and rationing, feeding programs f o r  
disadvantaged g r o u p  and other factors  affecting the  patterns of grain u t i l i za t ion .  
The factors  determining supply w i l l  include land, f e r t i l i z e r  use, 
pesticides,  i r r iga t ion ,  genetic improvements (HYV'S), cropping patterns 
(including multiple cropping), price incentives (input and product prices ), 
cred i t  ava i l ab i l i ty ,  agr icul tural  investment policy, land ownership and tenure 
policy. Particular a t tent ion w i l l  be given t o  the costs  of bringing additional 
u The focus on grains is jus t i f ied by the f a c t  tha t  cereals a re  the 
pr incipal  food i n  the larger  p r t  of fhe world, and the principal raw material 
f o r  food production i n  the developed countries. Moreover, the demand fo r  grain 
may be a be t t e r  index of the pressure on natural  resources (land, water) than 
the demand f o r  "food .It 
U.S., Canada, Australia, Western Europe (EC-g), Japan, USSR and 
Eastern Europe, South Asia (India,  Pakistan,   an glades h )  , Argentina and Brazil. 
acreage i n t o  production, the cos ts  of r a i s i n g  y i e lds  per acre,  and the  possi- 
b i l i t i e s  of mult iple cropping. 
The study does not aim a t  constructing a complete econometric model. 
Its main objec t ive  is t o  assess the  major elements t h a t  should e n t e r  i n to  such 
a model. To t h e  extent  t h a t  the  data permit, however, use w i l l  be made of 
mult iple regression analys is  and o the r  quan t i t a t ive  techniques t o  p ro jec t  
demand and supply on the bas is  of ps t  r e l a t i o m h i p s  and judgments concerning 
fu tu re  t rends  i n  the  f ac to r s  a f f ec t ing  demand and supply. 
The judgments w i l l  be made on t h e  ba is  of t h ree  a l t e r n a t i v e  world 
scenarios:  
A. Continuation of present po l i c i e s  (base m ~ d e l )  
B. Freer i n t e rna t iona l  t rade  and c a p i t a l  flows ( f r e e  t r ade  model) 
C. More r e s t r i c t e d  t rade  and c a p i t a l  flows (se l f -suff ic iency model). 
The study w i l l  then address the in t e rna l  and ex te rna l  adjustment 
mechanisms through which the projected supply/demand gaps can be closed (o r  
financed ) , including 
(a ) t he  pr ice  mechanism; 
(b )  na t iona l  pol ic ies  of supply and demand management t h a t  may re inforce  
o r  mi t iga te  t h e  e f f ec t s  of the market; 
( c )  i n t e rna t iona l  t rade  and a i d  pol ic ies  t h a t  may help t o  narrow (o r  
f inance ) projected demand/supply imbalances. 
It is hoped t h a t  the country-by-country analys is  of a wide range of 
f ac to r s  a f f ec t ing  demand and supply w i l l  provide a more r e a l i s t i c  understanding 
of the "trends behind the trends" and of t h e  changes t h a t  could take place i n  
t h e  fu tu re .  We believe it is the approach most l i k e l y  t o  capture the  e f f e c t s  
of policy var iables .  
An important focus of the study w i l l  be the possible impact of increased 
t rade and a id  i n  f a c i l i t a t i n g  national adjustments and thus lessening pressures 
f o r  pol ic ies  t h a t  may be cost ly  i n  terms of economic welfare and growth. 
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C h a r t  3 .  Impl ied  Income e l a s t i c i t y  of demand f o r  g r a i n  (based on 
1960-1973, Av. 66-68 i n  1972$ GNP p e r  c a p i t a ) .  
Discussion 
A t  t h e  beginning of t h e  d i scuss ion ,  Meadows r a i s e d  a  genera l  ques t ion ,  
why d id  papers  tend t o  f a l l  i n t o  one of two c a t e g o r i e s ;  one catepory assumes 
t h a t  th ings  w i l l  become worse, and t h e  o t h e r  assumes t h a t  th ings  w i l l  become 
b e t t e r .  She wondered whether a  meta-model o r  an experiment could be designed 
t o  look a t  a  new kind of d a t a  i n  such a  way t h a t  would decide who is  r i g h t ;  
it would make a  b i g  d i f f e r e n c e  whether one cons iders  the  s i t u a t i o n  such t h a t  
t h e  market mechanism w i l l  be  a b l e  t o  take c a r e  of i t ,  o r  whether one sees  t h e  
s i t u a t i o n  i n  such a  way t h a t  an i n t e r n a t i o n a l  monetary reorder ing  i s  e s s e n t i a l ,  
o r  whether one th inks  t h a t  t h e  s i t u a t i o n  is  such t h a t  no major a c t i o n  needs t o  
be taken. Po l icy  implicat ions d i f f e r  enormously; i n  p a r t  t h i s  may be  determined 
by whether one th inks  pr imar i ly  i n  phys ica l  o r  i n  monetary terms. Furthermore, 
time l a g s  a r e  a l s o  viewed d i f f e r e n t l y .  L a s t l y  s p e c i a l i s t s  i n  t h e  a g r i c u l t u r a l  
f i e l d  may overlook t h e  d i f f i c u l t y  of b r ing ing  i n  s u f f i c i e n t  resources  of energy, 
c a p i t a l  investments, and many o ther  th ings  from o ther  s e c t o r s .  Bruckmann adc'ed 
t h a t ,  i n  genera l ,  t h e  l e s s  v a r i a b l e s  a r e  involved i n  a  model, t h e  more "optimis- 
t i c "  t h e  model tends t o  be ,  overlooking c o n s t r a i n t s  coming from v a r i a b l e s  t h a t  
have been exogenized. The more one inc ludes  eco log ica l  and o ther  non-economic 
v a r i a b l e s ,  a s  wel l  a s  time horizon,  time l a g s ,  and t h e  l i k e ,  t h e  l e s s  one comes 
up wi th  o p t i m i s t i c  views. Some overly o p t i m i s t i c  models reminded him of t h e  
a t t i t u d e  of someone owing ten  people a  thousand d o l l a r s  each and of having a  
f a i r  chance t o  make a  thousand d o l l a r s ;  he goes t o  bed happy, convinced t h a t  he 
i s  a b l e  t o  pay back any s i n g l e  one of h i s  d e b t s  i f  he ea rns  a  thousand dol- 
l a r s .  However, he has no t  y e t  earned t h e  thousand d o l l a r s .  Also, i f  he d id  
make t h i s  amount, he might spend it on t h i n g s  o ther  than paying h i s  deb ts .  
And, even i f  he makes t h e  money and dec ides  no t  t o  spend it on something e l s e ,  
and i n  f a c t  pays back one of h i s  deb tors ,  a l l  h i s  o ther  d e b t s  w i l l  remain. 
Waelbroeck s t r e s s e d  the  d i f f i c u l t y  of answering t h e  ques t ion  r a i s e d  by 
Meadows. The food s i t u a t i o n  is  highly s e n s i t i v e :  a  l i t t l e  more food and t h e r e  
a r e  surp luses ;  a  l i t t l e  l e s s  food and t h e r e  a r e  major d i f f i c u l t i e s  and famines. 
I t  was a  sobering experience f o r  him t o  f i n d  out  t h a t  a l l  a g r i c u l t u r a l  models 
have been constructed on l i t t l e  evidence. For example, it has been s t a t e d  t h a t  
it i s  impossible  t o  r a i s e  a g r i c u l t u r a l  product ion by an average of more than 
4% i n  a  number of consecut ive years ;  however, i t  has j u s t  been s t a t e d  t h a t  
a g r i c u l t u r a l  product ion i n  Pak is tan  increased 100% w i t h i n  t e n  years .  So, 
where t h e  d a t a  base on product ion f i g u r e s  is  unc lear ,  how much l e s s  can be  
expected from t h e  d a t a  base on l e s s  documented v a r i a b l e s ?  Apparently, t h e r e  
i s  a m i s a l l o c a t i o n  of p r e s t i g e :  too much p r e s t i g e  i s  a t tached  t o  conclusions 
and none i s  a t tached  t o  d a t a  bases ,  model assumption, and methodology. 
Parikh s t a t e d  t h a t  t h e r e  i s  a c e r t a i n  r e l a t i o n  between t h e  s c i e n t i f i c  
f i e l d  and optimism: system dynamicists tend t o  be gloomy; l i n e a r  programmers 
tend t o  be o p t i m i s t i c .  
Rademaker expressed h i s  s u r p r i s e  t h a t  so  f a r  a t  t h e  conference p o l l u t i o n  
has received very l i t t l e  a t t e n t i o n .  I f ,  by t h e  increased use of f e r t i l i z e r s ,  
p e s t i c i d e s  and herb ic ides  one can increase  a g r i c u l t u r a l  product ion,  then by 
no means can p o l l u t i o n  be overlooked. Levis  r e p l i e d  t h a t  the  U.S. Geological 
Survey i s  t r y i n g  t o  determine t h e  p o s s i b l e  e f f e c t s  of t h e  increased use  of 
these  prodttction means on ground water ;  water may be a  l i m i t i n g  resource ,  not  
so much i n  t h e  sense of phys ica l  ex i s tence ,  bu t  because of t h e  way i t  i s  being 
used. It may be t h a t  water q u a l i t y  problems a c t u a l l y  become a c o n s t r a i n t .  
Swanson added t h a t  a t  hearings held i n  t h e  U.S. about t h r e e  years  ago, t h e r e  
was a  g r e a t  d e a l  of uncer ta in ty  about t h e  impact of increased use of f e r t i l -  
i z e r .  Because l i t t l e  i s  known, t h i s  aspec t  should not be neglected--from an 
a g r i c u l t u r a l  po in t  of view i t  may be a s i d e  e f f e c t ,  bu t  c e r t a i n l y  from a 
eco log ica l  view, is a major e f f e c t .  
Gal lopin added t h a t ,  based on s t u d i e s  c a r r i e d  out  i n  var ious  count r ies ,  
one may roughly conclude t h a t  the c o s t  of p o l l u t i o n  abatement might be i n  the  
magnitude of l e s s  than 2% of GNP. With t h i s  amount, p o l l u t i o n  could be re- 
duced t o  a  l e v e l  much below the  presen t  one. Thus the p o s i t i o n  of the  model 
of Fundacion Bari loche was t h a t  p o l l u t i o n  c o n t r o l  i s  today technolog ica l ly  
p o s s i b l e  and wi th in  a  reasonable order  of magnitude of c o s t .  Bruckmann pointed 
ou t  t h a t  h i s  remark about o p t i m i s t s  versus  pess imis t s  r e f e r r e d  no t  so  much t o  
t h e  number of v a r i a b l e s  involved, but  t o  the  ques t ion  t o  what e x t e n t  t h e  pro- 
blem i s  seen i n  a  systemic way: t h e  more systemic the  view, t h e  more cau t ious  
one becomes. I n  t h i s  r e s p e c t ,  the 2% f i g u r e  j u s t  mentioned by Gallopin may 
se rve  a s  a  p e r f e c t  example. It may be t r u e  t h a t  2% of t h e  GNP might s u f f i c e  t o  
e l i m i n a t e  p o l l u t i o n ,  but  t h i s  view alone does not exp la in  t h e  mechanisms needed 
t o  r a i s e  t h e  2% of the  GNP or  r a t h e r  t o  d i v e r t  these  resources from o ther  goa ls ,  
(2% of GNP a r e  many m i l l i o n s  of l o c a l  currency) ,  a l s o  i t  does n o t  i n d i c a t e  the  
l ike l ihood  of t h e  occurrence of any of these  a c t i o n s .  So t h i s  f i g u r e  may be 
u t t e r l y  misleading.  
Sanderson encountered, i n  h i s  opinion optimism o r  pessimism have nothing 
t o  do with the  scope or  the  complexity of t h e  model. I t  is  mainly an i s s u e  
between economists and non-economists: economists a r e  congeni ta l ly  o p t i m i s t i c ,  
convinced t h a t  money can buy and f i x  everything.  The economist has t h e  added 
advantage of being a b l e  t o  po in t  t o  the  experiences o< t h e  p a s t  which shows 
t h a t t h e  technolog ica l  advances have more than upset  t h e  dec l in ing  r e t u r n s  of 
any given phys ica l  lump of n a t u r a l  resources .  I n  the economists '  view, pol lu-  
t i o n  i s  d e a l t  with i n  the  same way: i t  i s  simply a  s o c i a l  c o s t  which t h e  market 
mechanism unfor tuna te ly  has n o t  been a b l e  t o  handle. But i t  would take  only 
a  very small  adjustment f o r  the  market mechanism t o  f i x  i t .  It i s  good t h a t  
e n v i r o n n e n t a l i s t s  have increased t h e  concern f o r  t h e  environment t o  such an 
e x t e n t  t h a t  something is  now being done. 
According t o  Batteke, the  pendulum was swinging from t h e  Meadows 
approach back t o  t h e  economists ' .  Coming back t o  the  ques t ion  of p o l l u t i o n ,  
he s a i d  t h a t  l a r g e  amounts of money a r e  being spend on p o l l u t i o n  abatement. 
However, these  c o s t s  have so  f a r  been appl ied  more t o  p o l l u t i o n  caused by 
i n d u s t r i a l  systems. 
Kulikowski added t h a t  t h e r e  i s  a l s o  the  ques t ion  of q u a l i t y .  For 
example: on a  given amount of land,  one can e i t h e r  r a i s e  a  l a r g e  amount of 
low q u a l i t y  wine or  a  smaller  amount of high q u a l i t y  wine; what a p p l i e s  t o  
wine i s  equa l ly  v a l i d  f o r  many o t h e r  products  such a s  chicken.  Swanson r e p l i e d  
t h a t  sometimes t h e  market mechanism r e f l e c t s  q u a l i t y ;  t h e  U.S. has r e c e n t l y  
undergone t h e  experience of t ry ing  t o  change beef s tandards ,  which met with 
a  good d e a l  of oppos i t ion .  
De Hoogh asked Sanderson about the f u t u r e  development of food p r i c e s ,  
s i n c e  s c a r c i t y  of food i s  i m p l i c i t l y  o r  perhaps e x p l i c i t l y  contained i n  h i s  
p r o j e c t i o n s .  He expressed i n t e r e s t  i n  t h e  plan of the Brookings I n s t i t u t i o n  
t o  introduce po l icy  a l t e r n a t i v e s  i n  t h e i r  forthcoming a g r i c u l t u r a l  model. 
What were t h e  p o l i c y  g o a l s ?  Sanderson r e p l i e d  t h a t  i n  h i s  op in ion  t h e  
purpose of any s t u d y  i s  t o  unders tand what i s  happening, what i s  l i k e l y  t o  
happen and whether  some w e l l  des igned  p o l i c i e s  a r e  a b l e  t o  smooth t h e  way 
f o r  ad jus tmen t s  which a r e  more o r  l e s s  i n e v i t a b l e .  As a  modeler ,  he  might  
f i n d  himself  i n  t h e  same s i t u a t i o n  a s  t h e  Bourgois G e n t i l h o m e ,  who was 
unaware of having spoken p rose  a l l  h i s  l i f e .  As t o  p r i c e s ,  one should 
d i s t i n g u i s h  between t h e  v e r y  rough p r o j e c t i o n s  i n  Table  5,  n o t  t a k i n g  i n t o  
accoun t  p r i c e s ,  and a  more d e t a i l e d  t r ea tmen t  of p r i c e s  e lsewhere .  As 
r e g a r d s  t h e  mode le r ' s  t a s k ,  Rober ts  s t a t e d  t h a t  he r e s e n t e d  t h e  i d e a  of a  
moratorium on modeling, t o  be  used t o  o b t a i n  ample ev idence .  T h i s  seems 
t o  be wrong f o r  p r a c t i c a l  r easons :  having s p e n t  a  s u b s t a n t i a l  amount of 
t ime on c o l l e c t i n g  d a t a ,  one then  beg ins  t h e  new modeling work, o n l y  t o  
f i n d  o u t  t h a t  t h e  d a t a  were t h e  wrong kind.  Modeling work and t h e  c o l l e c -  
t i o n  of d a t a  t h e r e f o r e  must b e  a n  i n t e r a c t i v e  p rocess .  Fur thermore,  t h e  
r e q u e s t  t h a t  d a t a  b e  c o l l e c t e d  f i r s t  i s  v e r y  o f t e n  p o l i t i c a l l y  mot iva ted  
i n  o r d e r  t o  d e l a y  necessa ry  d e c i s i o n s .  
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I .  INTRODUCTION 
Global modelling has gone through a process of fast growth during the past 
three years. After the publication of the first world models by Forrester 
and Meadows, it was generally felt that the issues brought up were of 
considerable interest, and that further study and analysis would be 
necessary. More precisely, it was considered desirable to analyse the 
processes described only roughly in World2 and World3 more profoundly, 
and therefore more detailed and more disaggregated models had to be con- 
structed. Several modelling teams were set up, most of which are still 
actively engaged in the building of new, often high-dimensional global 
models. As a result, the number of models available or presently under 
construction is rising rapidly, and public attention is above all directed 
towards the latest results obtained from the newest and - often - most 
detailed model. Since in most of these studies the main emphasis was laid 
on the development of new models and the generation of simulation results, 
the analysis and evaluation of those models already available have more 
or less fallen into oblivion, although such evaluation forms an important 
part of the systems analysis approach. Especially if a model is constructed 
to be used as an aid to policy making, it is necessary to be able to under- 
stand the model and explain how its behaviour comes into being without 
reference to a computer. As the new models are growing larger and larger, 
it is becoming more and more difficult and more important to gain such an under- 
standing. 
For these and other reasons the Dutch "Global ~ynamics" project 
group has paid much attention to this aspect of systems analysis. The 
main accent has been on t.he analysis of the world models by Forrester and 
Meadows, and in this context a number of methods for enhancing the 
comprehensibility of non-linear mathematical models have been tested and 
compared. The main results of the World2 and World3 studies have been 
described in a number of progress reports ( I ) .  
----- 
'The research presented in this paper was supported in part by the Netherlands 
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This paper presents only part of the conclusions: it attempts to give 
an idea of the analysis of the agricultural sector of World3, and some of 
the results. The activities described are not yet in their final state, 
but full details will be published before long. 
Finally, it should be observed that no attempts have been made to ex- 
tend the World3 model or to criticise the validity of the assumptions. The 
submodel's equations have been studied in the form in which they are 
described in the technical report of the Meadows team (2) .  
2.  A SHORT DESCRIPTION OF THE WRLD3 AGRICULTURAL SUBMODEL 
It is beyond the scope of this paper to describe the equations off t h e  
agricultural sector of World3 in full detail. Those interested are referred 
to the extensive report prepared by Meadows et al. (2).  
Figure 1 shows the DYNAMO-flow diagram of the sector's equations. It 
appears that the subsystem is influenced by three variables from other 
oectors: Industrial Output 10*, Population POP, and the Persistent 
Pollution ratio PPOLX. IOPC (Industrial Output Per Capita) is the 
quotient of I0 and POP. In turn, the agricultural subsystem influences 
these three sectors by means of the variables FIOAA (Fraction of I0 
Allocated to Agriculture), FPC (Food Per Capita), and the persistent 
pollution generation from agricultural output. For ease of discussion, 
and because its influence on the model results is only weak, this 
last factor will further be left out of consideration. 
The state variables  pot pot en ti all^ Arable Land), AL (Arable Land), 
UIL (Urban-Industrial Land) and LFERT (Land Fertility) seem to play a 
central part. The rates of change of PAL, AL and UIL are controlled by 
the Land Development Rate LDR, the Land Removal for Urban-Industrial 
Use LRUI and the Land Erosion Rate LER. Land Fertility is influenced by 
PPOLX and by the Fraction of inputs Allocated to Land Maintenance FALM. 
---- 
* The explanation of the abbreviations used in the text is given in the 
Appendix. 
Figure I :  DYNAMO-f Low ,iagram of  Lhe World.3-agz*iculturaZ aector 
( input  variables are unde~,Linedi .  
Sourace: r e f .  (21. 
The value of FIOAA is calculated as a function of the ratio between 
the actual values of FPC and IFPC (Indicated Food Per Capita). Subsequent- 
ly, Total Agricultural Investments TAI are assigned to investments in 
land development ( a fraction FIALD), investments allocated to land 
maintenance (FALM) and direct inputs used to increase the land yield 
(the remaining part). 
The following discussion about the working of the equations of this 
sector applies to the so-called standard-run conditions. The standard or 
reference run is a model calculation, in which a number of coefficients 
are set to such values that the model's outcome agrees with what is 
known about reality in 1900 and 1970, which calculation is continued up 
to the year 2100. The behaviour of the model in the standard run is 
characterised by a period of growth followed by a rather sudden decline 
of variables like industrial output, food production, population, etc., 
setting in about 2030, and caused by depletion of non-renewable resources. 
Because of the restricted model validity, especially as far as the latter 
half of the 21st century is concerned, the main emphasis of this dis- 
cussion will be on the behaviour between 1970 and, say, 2040. 
3. FIRST SIMPLIFICATIONS 
To obtain a better insight into what are the factors really important 
to the sector's outcome, the behaviour of all variables in a standard-run 
calculation was observed. It appeared that a number of variables have 
a fairly constant value throughout the whole run. It was found that these 
can be replaced by constants without considerably affecting the sector's 
overall behaviour. Other simplifications were obtained by putting the 
rates LER and LRUI equal to zero, because, owing to their low values 
compared to the values of the state variable they affect (AL), their 
impact on the model results is only slight. These observations have 
yielded the following list of simplifying assumptions: 
I. LYMAP = I .  
This means that the influence of industrial production on land 
yield acting via air pollution (LYMAP = Land Yield Multiplier from 
Air Pollution) is omitted completely. In its original form, LYMAP would 
only differ from 1 if I0 rose to ten times its 1970-value or higher. Such 
values are not attained in the standard-run calculation. 
2. PALM - 0.06. 
In  t h e  s tandard run the value of PALM v a r i e s  between 0.04 and 0.07. 
One of t h e  two inf luences of FALM a c t s  v i a  a  f a c t o r  (I-FALM), which 
f a c t o r  v a r i e s  between 0.96 and 0.93, and may be replaced by a  
cons tan t .  Furthermore, FALM inf luences  the  land f e r t i l i t y  subsystem, 
but a  t e s t  c a l c u l a t i o n  has shown t h a t  replacement of FALM by a cons tan t  
does only s l i g h t l y  a f f e c t  the  behaviour of the s e c t o r  a f t e r  2020. 
3. LER = 0. 
Considerat ion of the standard-run behaviour of the Land Erosion Rate 
LER teaches us t h a t  the t o t a l  amount of land eroded between 1900 and 
2100 i s  not more than about 54 of the value of AL i n  2100. Complete 
omission of land e ros ion  does not  have any s i g n i f i c a n t  e f f e c t  f o r  the 
submodel's standard-run behaviour. 
4 .  LRUI = 0. 
The same kind of cons idera t ionsas  above lead t o  the omission of the  
Land Removal f o r  Urban-Industr ia l  Use LRUI and hence of the complete urban- 
i n d u s t r i a l  land subsector .  
Figure 2 shows the outcome of a  run i n  which a l l  of these  four  s i m p l i f i -  
c a t i o n s  have been introduced. Only a f t e r  2040 can changes of minor 
importance, e s p e c i a l l y  i n  the  value of FIOAA, be perceived. Figure 3 
r e p r e s e n t s  the  Dynamo flow diagram a f t e r  i n t r o d u c t i o n  of the s i m p l i f i -  
c a t i o n s  mentioned above. The p i c t u r e  i s  considerably c l e a r e r  than Figure I ,  
e s p e c i a l l y  owing t o  the  omission of a l l  v a r i a b l e s  r e l a t e d  t o  urban- 
i n d u s t r i a l  land and land e ros ion .  
4. A FURTHER A N A L Y S I S  OF THE NUCLEUS OF THE AGRICULTURAL SUBSYSTEM OF WORLD3 
For ease of d i scuss ion  we w i l l  now d i v i d e  the remaining sector-equat ions 
i n t o  four  p a r t s ,  each of which w i l l  be d e a l t  with separa te ly .  The 
fol lowing subsec tors  w i l l  be d i s t inguished :  
- The land f e r t i l i t y  subsystem, ind ica ted  by the  t h i n  s o l i d  l i n e s  i n  
Figure 3. 
- The equa t ions  descr ib ing  the investment a l l o c a t i o n  dec i s ion  between in- 
vestments i n  d i r e c t  inputs ,  and i n  land development ( the  c a l c u l a t i o n  
of FIALD; f a t  broken l i n e s ) .  
- The s t a t e - v a r i a b l e s  PAL and AL, and the equat ions d i r e c t l y  r e l a t e d  
( t h i n  broken l i n e s ) .  
- The remaining equa t ions ,  i n  which food product ion and t o t a l  investments 
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- t i m e  (years) 
scale FIOAA : 0.20 
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Figure 2: Standard outcome a f t e r  in t roduct ion  o f  the s impl i f ica t ions  
mentioned i n  Sect ion 3,  page 5 ( f a t  l i n e s )  compared w i th  
t he  standard r e s u l t s  o f  the  complete model ( t h i n ) .  
Figure 3 : DYNAMO-flow diagram after introduction of the 
simplifications mentioned on page 5. 
in agriculture are calculated, and on which the input variables I0 and 
POP act (fat solid lines). 
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Inspection of Figure 3 teaches us that, after the introduction of constant 
FALM, the land fertility subsystem has only one input variable (PPOLX), 
and one output (LFERT). Since only one level-equation appears in the 
subsystem, its behaviour is described by a first-order differential 
equation, which reads: 
LF~RT* = ILF - LFERT 
- LFERT*LFDR . LFRT 
ILF and LFRT (due to constant FALM) are constants, and the value of 
LFDR is determined by PPOLX. By reordening the coefficients, (I) can 
be written in the standard form of a first-order transfer system: 
LFiRT = -LFEp,T * 1 + LFDR*LFRT + ILF 
LFRT LFRT ' 
From (2) it follows for the time-constant T of the system: 
1 = 
LFRT 
1 + LFDR*LFRT ' 
and for the static value of LFERT: 
ILF 
LFERTstatic - I + LFDR*LFRT 
For standard-run and similar conditions the value of T is less than 
5 years, which is low in comparison with the time constants determining 
the overall model behaviour (these have values of 20 years and more). 
Consequently, it is suggested that the differential equation for LFERT (I) 
may be replaced by the algebraic equation (4) without affecting the 
model's behaviour. Test calculations have fully confirmed this hypothesis, 
and hence it may be concluded that the link between the persistent pollution 
subsystem and the agricultural subsystem, formed by LFERT, acts in a more 
or less algebraic way, i.e. without any delay or lag. 
--- 
* '  
x means derivativeof x with respect to time. 
4 . 2  The a'L'Location o f  investments t o  'Land deve'Lopment ( f a t  broken 'Lines). 
The value of FIALD (Fraction of Inputs Allocated to Land Development) 
is calculated as a function of the ratio between the marginal productivi- 
ty of direct agricultural inputs (fertiliser, pesticides) and the 
marginal productivity of development of new land. FIALD affects two other 
variables: on the one hand, its value influences CAI and hence AIPH 
via a factor (I-FIALD), on the other it influences the Land Development 
Rate LDR. In the standard run FIALD gradually increases from 0.15 to 
0.25 between 1900 and 2000, drops from 0.25 to a very low value between 
2000 and 2050, and is virtually nil thereafter. Owing to its influence 
via (I-FIALD), the effect of the variations of FIALD on AIPH is fairly 
weak. 
Because FIALD acts as a multiplier in the investments in land 
development through the formula LDR = TAI*FIALD/DCPH, it was expected 
that its influence would be considerable. However, by means of a series 
of sensitivity tests it has been shown that LDR is not very sensitive 
to the exact value of FIALD and that FIALD might even be replaced by a 
constant without changing the behaviour of PAL and AL considerably. 
Apparently, the behaviour of LDR is mainly controlled by TAI and DCPH. 
A more detailed analysis has been performed, but because this 
paper aims at covering the main lines and conclusions only, FIALD will 
be assumed a constant in the following discussion. Consequently, the 
sector's flow diagram can be further simplified (Figure 4). Figure 5 
shows the outcome of a calculation in which the assumption FIALD = 0.19 
was added to the simplifications discussed in section 3. It shows 
that the behaviour of the output variables FIOAA and FPC is hardly 
affected. 
Figure 4 : DYNAMO-flow diagram a f t e r  introduction of constant 
FIALD, together with the former s impl i f ica t ions .  
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Figure 5 : Standard outcome a f t e r  addit ional  in t roduct ion  
o f  FIALD=O. 19. Thin l ines:  or ig inal  standard run. 
4 . 3  Arab& Land and PotentiaZZg Arable Land 
I f  the e f f e c t s  of land e ros ion  and land removal f o r  u rban- indus t r ia l  
use a r e  neglected (LER = LRUI = O), the  r a t e s  of change of AL and PAL 
a r e  equal ,  but with opposi te  s igns:  
I n t e g r a t i o n  of (5) yie lds :  
Hence, i f  e i t h e r  of the  s t a t e  v a r i a b l e s  PAL and AL i s  known, the o t h e r  
can be c a l c u l a t e d  d i r e c t l y ,  because 
AL w i l l  be chosen a s  a  key v a r i a b l e  and henceforth v a r i a b l e s  t h a t  
previously were func t ions  of PAL, w i l l  be considered func t ions  of  AL. 
As will be clear from Figure 4, the only variable influencing AL from 
outside the land-subsystem is TAI, since FIALD is considered constant 
and DCPH is a function of AL itself (via PAL!). The development costs 
per hectare are assumed to increase more o r  less exponentially as the 
area of potentially arable land decreases. A good approximation for the 
table function DCPH is 
DCPH = a.exp (-b.PAL) , (8) 
where a and b are constants. 
Substitution of (7) and (8) in the formula 
LDR = FIALD*TAI/DCPH, 
and subsequent integration according to (5) yields the expression 
with p, q and r constant. This formula reflects the diminishing 
returns of investments in land development. 
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Using the remaining equations (fat solid lines in Figure 4), the 
output variables FPC and FIOAA are calculated. The equations form 
a loop, in which the only dynamic element is the smooth-function AI. 
The time-constant of this first-order lag is equal to 2 years and hence 
its value is small in comparison to the predominant time constants in 
the other sectors. However, if DYNAMO is used as simulation language, 
the inclusion of such a dynamic element is necessary, because algebraical- 
ly closed loops have to be avoided. But for purposes of structural analysis, 
or if a stable iteration procedure can be included (as in Algol), the 
smooth function A1 can be completely omitted. Test calculations have, 
indeed, shown that omission of A1 has hardly any effect. But if A1 is 
omitted, the 1.oop is closed algebraically, and hence FPC, FIOAA, F, etc. 
can be considered algebraic functions of the input variables POP, 10, 
AL and LFERT. These functions are given implicitly by the equations of 
the loop, and can only be made explicit by means of (numerical) solution 
of the implicit equations. 
However, the concept of an a l g e b r a i c  r e l a t i o n  alone i s  s u f f i c i e n t  
t o  enable important s t r u c t u r a l  conclusions to  be drawn: the working of 
the s e c t o r ' s  nucleus can now be sketched a s  i n  Figure 6 below. The 
f i g u r e  shows t h a t  two important components determine the c h a r a c t e r i s t i c  
behaviour: F i r s t ,  the a l g e b r a i c  system r e l a t i n g  output  and input  
v a r i a b l e s ,  and, secondly, the dynamic t r a n s f e r  system r e l a t i n g  AL to TAI. 
The LFERT subsystem i s  incorporated i n  the c e n t r a l  box, and hence PPOLX 
i s  considered an input  v a r i a b l e .  
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Figure 6 : The working o f  the  most important part o f  the  World3 
agr icu l tura l  sec tor  (broken l i n e s  ind ica te  weaker i n f l uences )  
To o b t a i n  some idea of the r e l a t i v e  importance of each of the input  
v a r i a b l e s ,  a  s e n s i t i v i t y  a n a l y s i s  of the a l g e b r a i c  system was performed 
f o r  a  number of standard-run s i t u a t i o n s .  I t  was found t h a t  mainly POP and 
I 0  a r e  determining the behaviour of the  ou tpu t -var iab les ,  and t h a t  the  
in f luence  of PPOLX i s  weak. The va lues  of FPC and FIOAA a r e  only moderately 
s e n s i t i v e  t o  the value of AL. This l eads  us t o  the conclusion t h a t  the 
a g r i c u l t u r a l  s e c t o r  as  a whole a c t s  i n  a  more o r  l e s s  a l g e b r a i c  way. This 
means t h a t  the va lues  of the  output  v a r i a b l e s  a r e  almost immediately 
adapted to v a r i a t i o n s  i n  the i n p u t s ,  without any delay o r  l ag .  
This  hypothesis  can e a s i l y  be t e s t e d  i n  the fol lowing manner: F i r s t ,  the 
values of the  input  v a r i a b l e s  POP and I 0  a r e  f rozen ,  and FIOAA and FPC a r e  
more o r  l e s s  constant .  Then, a  s tep- func t ion  i s  imposed on POP, I 0  o r  both,  
and only s h o r t l y  t h e r e a f t e r  FIOAA and FPC w i l l  reach t h e i r  new equil ibr ium 
va lues .  
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Figure 7: !{sh~viour of a number of variables of the agrioultural  
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In Figure 7 ,  the result of such a test calculation with the complete 
sector model is given. The value of POP is augmented suddenly in 1975. 
Within a few years, the new equilibrium values of FIOAA and FPC are 
attained and the result fully confirms the hypothesis of an almost 
algebraically functioning agricultural sector. Moreover, the figure 
shows that the slow changes in the value of AL do not affect the 
value of FIOAA and FPC appreciably. 
A further analysis was performed to get a better insight into the 
effect of variations of I0 and POP in the 1975 situation. It was found 
that variations in I0 hardly affect the value of FIOAA, but stimulate 
FPC. Changes in POP affect both output variables, but total food 
production F remains fairly unchanged. This analysis is being continued, 
and we hope a more extensive, final report will be available in a few 
months. 
5.  CONCLUSIONS AND FINAL REMARKS 
It has been shown that by application of fairly simple techniques much 
insight into the behaviour of a complex-looking set of mathematical 
equations can be gained. A large part of the equations constituting 
the World3 agricultural subsystem has no significant influence on 
the model results, at least under standard-run and similar conditions. 
The basic properties of the remaining part were found to be quite simple: 
the sector acts as an almost lag-free link between the population 
subsystem and the capital and resources subsystem. Except for AL and PAL, 
the state variables exert no important dynamic influences. The equations 
for urban-industrial land can be omitted completely, and the land fertili- 
ty subsystem can be replaced by an algebraic equation. Furthermore, PAL 
and AL can be combined into one state variable, which variable appears 
to have an only moderately important influence on the sector's behaviour. 
Except for abnormal runs in which a pollution explosion occurs, the in- 
fluence of PPOLX is weak, and hence it is concluded that the food 
situation in World3, expressed by the variable FPC, is mainly determined 
by the behaviour of the variables I0 (Industrial Output) and POP 
(Population). In the standard run, the decline in 10, caused by depletion 
of non-renewable resources and setting in about 2030, enforces a decline 
in food production and, consequently, in FPC. 
This understanding of the sector's behaviour can be useful for 
different purposes. The insight gained permits of explaining why 
the model behaves the way it does. It is possible to predict what will 
be the sector's outcome if alternative assumptions, or different policies 
are introduced into the model, because its working is not counter-intuitive 
anymore. The knowledge that the main part of the sector behaves algebraical- 
ly makes control studies of the model much easier, since the only dynamics 
that have to be taken into account originate from the equations determining 
AL and PAL. Furthermore, an important aim of dynamic modelling is to help to 
enlarge the understanding of the working of the real system, and a first 
step in that direction is the understanding of the model of that system. 
Finally, one of the motives to write this paper was to stimulate further 
discussion. From the results of our study, a number of intriguing questions 
emerge, such as: Do other agricultural (sub)models also display such a 
simple set of basic properties, or are they essentiaZZy more complex? 
Do they also contain a large number of "dummy" variables and relations? 
Do they also act as more or less algebraic systems? Or is their behaviour 
essentially different? And, if so, why? 
We hope these and other questions will serve as guidelines and act as 
catalysts in further discussions. 
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APPENDIX : L i s t  of abbreviations and t h e i r  exp~ana t ion  
A1 : AGRICULTURAL INPUTS (DOLLARSIYEAR) 
AIPH : AGRICULTURAL INPUTS PER HECTARE (DOLLARS/ 
HECTARE-YEAR) 
AL : ARABLE LAND 
ALAI : AVERAGE LIFETIME OF AGRICULTURAL INPUTS (YEARS) 
CAI : CURRENT AGRICULTURAL INPUTS (DOLLARSIYEAR) 
DCPH : DEVELOPMENT COST PER HECTARE (DOLLARSIHECTARE) 
F : FOOD(VEGETABLE-EQUIVALENT KILOGRAMS/YEAR) 
FALM : FRACTION OF INPUTS ALLOCATED TO LAND 
MAINTENANCE (DIMENSIONLESS) 
FIALD : FRACTION OF INPUTS ALLOCATED TO LAND 
DEVELOPMENT (DIMENSIONLESS) 
FIOAA : FRACTION OF INDUSTRIAL OUTPUT ALLOCATED TO 
AGRICULTURE (DIMENSIONLESS) 
FPC : FOOD PER CAPITA (VEGETABLE-EQUIVALENT 
KILOGRAMS/PERSON-YEAR) 
IFPC : INDICATED FOOD PER CAPITA (VEGETABLE-EQUIVALENT 
KILOGRAMS~PERSON-YEAR) 
ILF : INHERENT LAND FERTILITY (VEGETABLE-EQUIVALENT 
KILOGRAMS~HECTARE-YEAR) 
I0 : INDUSTRIAL OUTPUT (DOLLARS/YEAR) 
IOPC : INDUSTRIAL OUTPUT PER CAPITA (DOLLARS/PERSON-YEAR) 
LDR : LAND DEVELOPMENT RATE (HECTARES~YEAR) 
LER : LAND EROSION RATE (HECTARESIYEAR) 
LFDR : LAND FERTILITY DEGRADATION RATE ( I /YEAR) 
LFERT : LAND FERTILITY (VEGETABLE-EQUIVALENT 
KILOGRAMS~HECTARE-YEAR) 
LFRT : LAND FERTILITY REGENERATION TIME (YEARS) 
LRU I : LAND REMOVAL FOR URBAN-INDUSTRIAL USE (HECTARESIYEAK) 
LYMAP : LAND YIELD MULTIPLIER FROM AIR POLLUTION 
(DIMENSIONLESS) 
PAL : POTENTIALLY ARABLE LAND (HECTARES) 
POP : POPULATION (PERSONS) 
PPOLX : INDEX OF PERSISTENT POLLUTION (DIMENSIONLESS) 
TAI : TOTAL AGRICULTURAL INVESTMENT (DOLLAKSIYEAR) 
UIL : URBAN-1NI)USTRIAL LAND (HECTARES) 
T : TIME CONSTANT 

D i s c u s s i o n  
Meadows s t a t e d  t h a t  s h e  ag reed  w i t h  T h i s s e n ' s  c l a i m  t h a t  much can  be  
l e a r n e d  from i n v e s t i g a t i n g  a  s i m p l i f i e d  v e r s i o n  of t h e  major  s t r u c t u r e  of 
a  model. The s t a n d a r d  r u n  of t h e  s i m p l i f i e d  v e r s i o n  may n o t  d i f f e r  from t h a t  
of t h e  o r i g i n a l  model,  t h e  l a t e n t  s t r u c t u r e  o f  t h e  model r ema in ing  i n a c t i v e .  
However, i t  i s  t h e  o t h e r  r u n s  t h a t  d e v i a t e  from t h e  s t a n d a r d  r u n  where t h e  
l a t e n t  s t r u c t u r e  becomes a c t i v e ;  i t  i s  h e r e  t h a t  t h e  behav io r  o f  a  s i m p l i -  
f i e d  v e r s i o n  may d i f f e r  from t h a t  o f  t h e  f u l l  model. S i n c e  t h e  compar ison 
of t h e  d i f f e r e n t  r u n s  was one  of t h e  main g o a l s  o f  t h e  v e n t u r e ,  t h i s  compari-  
s o n  cou ld  n o t  have been a r r i v e d  a t  e q u a l l y  w e l l  by l i m i t i n g  t h e  model t o  t h e  
s i m p l i f i e d  v e r s i o n .  
T h i s s e n  ag reed  t h a t  t h e  s i m p l i f i e d  v e r s i o n  c a n  s e r v e  c e r t a i n  pu rposes  
and n o t  o t h e r s .  Rademaker added t h a t  t h e  c o n s t r u c t i o n  o f  such a  s i m p l i f i e d  
model i s  on t h e  o r d e r  of magni tude  of 1% of  t h e  o r i g i n a l  model ing  e f f o r t .  
He t h e r e f o r e  sugges t ed  t h a t ,  a s  a  r u l e ,  modelers  c o n s i d e r  t h i s  a d d i t i o n a l  
e f f o r t  wor thwhi l e .  Robe r t s  r a i s e d  one  q u e s t i o n  c o n c e r n i n g  t h e  t e s t i n g  of 
i i t d i v i d u a l  v a r i a b l e s  by v a r y i n g  them and c h e c k i n g  t h e  r e s u l t s :  i f  one  h a s  
low s e n s i t i v i t y  t o  a  s i n g l e  v a r i a b l e ,  i s  i t  n o t  p o s s i b l e  t o  e l i m i n a t e  i t  
from t h e  t e s t ?  The re  may be  c o m b i n a t o r i a l  e f f e c t s  by which i n d i v i d u a l  v a r i -  
a b l e s  have  low s e n s i t i v i t y .  T h i s s e n  r e p l i e d  t h a t ,  t o  a  c e r t a i n  e x t e n t  t h i s ,  
t o o ,  can  be  checked b e t t e r  by a  s i m p l i f i e d  v e r s i o n .  
Kaya, when asked whether  t h i s  p rocedure  of s i m p l i f i e d  v e r s i o n s  had been 
a p p l i e d  t o  o p t i m i z a t i o n  models,  r e p l i e d  t h a t ,  h i s  group had n o t  y e t  been 
a b l e  t o  f i n d  a  method f o r  s i m p l i f y i n g  o p t i m i z a t i o n  models.  T h e i r  s t u d y  was 
based on World I1 and Wor1.d I11 and they  were  t h e  o n l y  well-documented and 
a v a i l a b l e  models a t  t h e  t ime  t h e  p r o j e c t  was begun. 

Panel Discussion 
(Chairman: Ferenc Rabar) 
Cole opened the discussion: I would like to bring together some of the 
ideas expressed so far. We have discussed several models which in many ways 
are similar and in many other ways different. One can look at their equations 
and see striking similarities, yet in the subtle differences there rest dif- 
ferent philosophies. The models we have heard reflect all the theories that 
have developed from Marxism up to our times. An implicit assumption can be 
made that sooner or later we will be able to improve the models to a point 
where we can produce some more or less unambiguous policy. There is some hope 
that ultimately the right data and the right theory will emerge. The question 
at this point is how quickly we might be able to achieve such a theory. There 
are several time lags involved. For instance, when the European Communities 
Statistical Office input-output tables will finally be as good as they can pos- 
sibly be, there will be a five-year lag between the reference period and the 
year of publication. Facts like these set an upper limit to what might even- 
tually be achieved in a model. In the present state of the art, we are being 
pushed more and more into what is publicly called scenario analysis. We recog- 
nize that there is a great range of exogenous variables that we do not under- 
stand very well, such as population, which in fact has not been discussed in 
great detail here; maybe there is simply a lack of sufficiently good theories on 
possible demographic transitions. In some models there is the implicit assump- 
tion that the demographic transition would come first, through some sort of 
birth control policy; and that, once this was achieved, it will be possible 
to raise living standards. In other models, a very different view is taken: 
only after raising living standards can demographic transitions be achieved. 
Of course, the direction of causal relationships assumed is of fundamental 
importance to the view of the policies to be advocated. If one takes popu- 
lation as an exogenous variable, one is forced to choose between forecasts 
that range from anything up to 50 billion people down to three or even two 
billion people. High or low forecasts are not necessarily optimistic or 
pessimistic; for example the Heilbroner forecast. which is one of the highest, 
is a Malthusian forecast. Of course, what is chosen is normally some kind 
of middle forecast. Similarly, if we look at food per capita we find that 
the modeling studies tend to be in the middle range of forecasts, but pictures 
vary widely. In addition to Bruckmann's remarks on the relation between opti- 
mism and pessimism on the one hand and differences in methodological approach 
on the other, I might add that nomodeling writers do not aggregate in the 
same way; they are much more selective in their approach. A pessimist can 
easily select the numerous agricultural projects that have gone wrong, while 
an optimist can select a substantial number of projects that have gone right; 
and in the implicit produztian function that one may have in mind, one is 
more optimistic or pessimistic than the modelers who have aggregated across 
countries or nations. 
The Linnemann model, it seems to me, has a sort of "beggar tby neighbor" 
theory underlying it: a rather unhappy view of the world, but, as many cynics 
would claim, a realistic view. One must impose quite altruistic policies on 
such a model which are not in the least consistent with its implicit "beggar 
thy neighbor" theory. And this is how one should carry out policy analysis 
on the model: every assumption must be reviewed because otherwise one may no 
longer have a consistent theory. If one stepped right back from the model 
one might find that many relationships within it no longer hold their original 
value. This is frightening to the modeler: having spent a great deal of time 
trying to establish a production function, he might find that he cannot be 
confident that that production function really means anything. The same 
applies to elasticities of demand and a whole range of other determinants. 
So whether one likes it or not, in examining the policies one necessarily 
moves into the arena of nomodeling speculative future studies and political 
studies that other futurists are working on. We should always be aware that 
a possible consensus among modelers may have come about simply because of 
the communality of methods and structures. 
The difference between modelers and nonmodelers relates also to the 
difference between micro-sociological studies and the microscopic modeling 
studies which I shall discuss later. I know development economists who con- 
sider the whole modeling game completely irrelevant. They concentrate on 
the level of the village; it has been emphasized also at this conference that 
some value might be derived from linking village studies to global modeling 
efforts. From a mere quantitative point of view, however, it would be diffi- 
cult to achieve this link. To build a work model that takes into account all 
the issues with which people are concerned would, even in a greatly simplified 
manner, have to include lOO'countries, 50 foodstuffs, and so on. Such a model 
might end up with something like 20 to 24 variables, most of which cannot be 
measured. So one is forced to focus on one specific issue. If one does so, 
however, one must recognize that one is looking at a limited area of under- 
standing; and it is somewhat misleading to call this venture a global model. 
At best the overall global model we might arrive at may be considered the 
conglomerate of all the global models that we possess. However, the properties 
of that overall model are different from those of the global models taken 
singly. For one thing, it represents a great range of views, and has tremen- 
dous uncertainties that would be almost impossible to erradicate. Hence, I 
would hesitate to call it a censensus global model. It might at best be sort 
of a medium model, concealing the great variation and diversity that exists 
around it. 
There seems to be one consensus, namely that with very few exceptions 
the models do not seem to hint at any major problem in the foreseeable future; 
all the problems are anticipated in the more distant future. I may recall 
that Linnemann in his initial exposition sharply resented the notion of 
"triage"; and if nothing else emerges from a conference such as this, at 
least there should be consensus on a sort of declaration that, in spite of 
all the diversity of views the concept of triage should be rejected. 
Rademaker also made a few general observations: It seems to me that the 
discussion has been handicapped slightly by the different ideas poeple have 
about the use of models and their purposes even if they are often not 
explicitlyformulated. Although the purpose of the conference has been out- 
lined clearly, the main aim of agricultural models as related to the future 
has remained vague. As Meadows has pointed out, one of the most difficult 
questions a modeler can be asked is "Why did you build that model, and what 
was its purpose?" There may be pull research -- people having ideas, lab- 
oratories generating new developments, and so forth -- and in time some of it 
may turn out to have useful applications. There is, however, another type of 
research, which starts from the desires of people, from possibilities in the 
markets, and then works its way back to what is needed to satisfy those needs. 
I wondered t o  what ex ten t  our  models a r e  p u l l  models, o r  models e x p l i c i t l y  
designed t o  s e r v e  c e r t a i n  needs. I t h i c k  t h i s  should be kept  wel l  i n  mind; 
one should not speak about po l icy  a l t e r n a t i v e s  i f  one has  not  i d e n t i f i e d  the  
r e c i p i e n t  of the  advice one i s  going t o  g ive ,  l e t  a lone provide t h e  d e t a i l s  
necessary f o r  the  r e c i p i e n t  t o  make dec i s ions  and choices f o r  t h e  f u t u r e .  
Another p o i n t  I wish t o  make concerns a  sharp d i s t i n c t i o n  between fore-  
c a s t i n g  and p r e d i c t i n g .  One does no t  need a  model t o  make a  p r e d i c t i o n .  
Any f o o l  can make a  p red ic t ion ;  any f o o l  can even make a  p r e d i c t i o n  t h a t  t u r n s  
ou t  t o  be r i g h t .  Forecast ing implies  th ink ing  about th ings  t h a t  may or  may 
not  happen i n  t h e  f u t u r e ;  it implies  th ink ing  about t h e  range of a l t e r n a t i v e  
f u t u r e s .  And the  outcome of t h a t  process  of exploring t h e  f u t u r e  w i l l  normally 
not be t h e  pred ic t ion .  The outcome may very wel l  be t h a t  f o r e c a s t i n g  cannot 
be done with models a t  a l l ,  o r  t h a t  one has been working on t h e  wrong kind of 
models and w i l l  have t o  develop o t h e r s .  And t h e  outcome of f o r e c a s t i n g  wi th  
these  o t h e r  models may again be t h a t  one has been working on t h e  wrong models 
because one might have been hunting the  wrong problem. I should l i k e  t o  
d e f i n e  f o r e c a s t i n g  a s  l o g i c a l  coherent  th ink ing  about p o s s i b l e  f u t u r e s .  
Underlying these  thoughts, t h e r e  i s  a  growing convic t ion  t h a t  s o c i e t y  i s  
something t h a t  can t o  a  c e r t a i n  ex ten t  be designed. We a r e  moving away from 
the f a t a l i s t i c  po in t  of view t h a t  s o c i e t y  develops e n t i r e l y  of i t s  own, has 
i t s  own f o r c e s  of d e s t i n y ,  and t h a t  mankind can do nothing about i t .  We a r e  
moving i n t o  an a r e a  where -- r i g h t  o r  wrong -- we have t h e  f e e l i n g  we can 
des ign  f u t u r e  s o c i e t y ,  and t h a t  again i s  a  j u s t i f i c a t i o n  f o r t h i n k i n g a b o u t  t h e  
f u t u r e .  And y e t ,  I consider  it very important t o  always keep i n  mind t h a t  
what we do when th ink ing  about t h e  f u t u r e  i s  nothing but  another  way of chink- 
ing about the  p a s t .  A h i s t o r i a n  was once defined a s  a  backward-looking prophet .  
When a l t e r n a t i v e s  a r e  computed by use  of input-output t a b l e s ,  t h i s  means 
nothing e l s e  than going back i n  h i s t o r y  t e n  years  and redoing these  t e n  years  
i n  an a l t e r n a t i v e  way. 
I wish t o  comment on t h r e e  t o p i c s :  purposes, r e c i p i e n t s ,  and techniques.  
Much of the  d i s c u s s i o n  has proceeded on t h e  assumption t h a t  f o r e c a s t s  have 
only one purpose. I consider  t h i s  misleading. One kind of f o r e r a s t  f o r  
example g ives  a  s p e c i f i c  warning t o  s p e c i f i c  po l icy  makers; such a  f o r e c a s t  
i s  e n t i r e l y  d i f f e r e n t  from the  f o r e c a s t  one may f i n d  i n  "Limits t o  Growth". 
Another kind of f o r e c a s t  i s  intended f o r  those planning c e r t a i n  th ings :  a  b ig  
i r r i g a t i o n  system, some major technological  development, and t h e  l i k e .  Yet 
another  kind i s  app l ied  by the  management of a  l a r g e  concern. There i s  a  kind 
of f o r e c a s t i n g  t h a t  aims a t  mobil iz ing publ ic  and s c i e n t i f i c  opinion.  One 
must keep i n  mind the  broad purposes of f o r e c a s t i n g  t o  understand b e t t e r  why 
someone who has been aiming a t  mobil iz ing t h e  publ ic  may be completely a t  a  
l o s s  with p o l i c y  makers, o r  v i c e  versa .  
I n  t h i s  connection, I wish t o  s t a t e  t h a t  r e c i p i e n t s  have received 
remarkably l i t t l e  a t t e n t i o n  during t h i s  conference. The problem of tuning 
f o r e c a s t  recep t ion  may prove f a r  more d i f f i c u l t  than f o r e c a s t i n g  per se .  One 
knows from bus iness  consul tancy t h a t  very o f t e n  the consu l t ing  job i s  unsuc- 
c e s s f u l  because of the var ious  a c t o r s  involved: t h e  man who ordered t h e  fo re -  
c a s t  had no i n t e r e s t  i n  i t  and no power t o  change th ings .  I n  a g r i c u l t u r e  i t  
may be s i m i l a r :  a  government o r  sponsoring body has the money t o  ask f o r  a  
f o r e c a s t i n g  s tudy.  This  i s v e r y o f t e n  a  d i f f e r e n t  body from the  body t h a t  w i l l  
have t o  c a r r y  o u t  the  r e s u l t s  of the f o r e c a s t i n g ,  which aga in  may d i f f e r  
from those who have the  power t o  change r e a l  l i f e  i n  such a  way t h a t  we may 
be heading f o r  a  b e t t e r  f u t u r e .  
To r e t u r n  t o  t h e  t e c h n i c a l i t i e s :  i f  you want t o  look back i n t o  t h e  p a s t  
wi th  a  view t o  the f u t u r e ,  you have t h r e e  mental t o o l s  a v a i l a b l e :  theory,  
d a t a ,  and t h e  power of thinking.  We a r e  too l i t t l e  aware of t h e  development 
of mathematical modeling. A few decades ago, it was not r e s p e c t a b l e  t o  base 
models on anything but  theory. Only i n  t h e  pas t  decade has i t  become more 
fash ionable  t o  f i l l  i n  blank s p o t s  of knowledge with s t a t i s t i c a l  o r  empi r ica l  
a n a l y s i s .  Furthermore, i t  seems t o  me t h a t  one of the  b i g  breakthroughs of 
F o r r e s t e r  and Meadows' work was t o  go beyond a c e r t a i n  period and apply t h e  
power of imagination where theory and d a t a  were lacking.  The s t r a n g e  th ing  
is  t h a t  t h e  l a t t e r  component, t h e  power of imagination, t o  be app l ied  wher- 
ever  d a t a  and theory a r e  lacking,  i s  t h e  very o l d e s t  t o o l  a v a i l a b l e  t o  man. 
I t  is  theory and d a t a  t h a t  a r e  t h e  newcomers i n  the  f i e l d .  Both a r e  r e l a -  
t i v e l y  young. But i n  t h e  f i e l d  of mathematical modeling we s tand  i n  awe of 
theory,  we have a  high r e s p e c t  f o r  d a t a ,  and t h e  use of con jec ture  where d a t a  
and theory a r e  lacking is  frowned upon by many. Here we f i n d  a  sharp d i s -  
t i n c t i o n  between fundamental s c i e n t i s t s  and appl ied  s c i e n t i s t s .  The funda- 
mental s c i e n t i s t s  w i l l  say: i f  I do not have s u f f i c i e n t  theory and d a t a ,  I 
r e f r a i n  from g iv ing  a n  opinion.  The appl ied  s c i e n t i s t  says:  t h e r e  a r e  impor- 
t a n t  th ings  t o  be done, important d e c i s i o n s  t o  be taken;  wherever I do not 
have s u f f i c i e n t  theory and d a t a ,  I w i l l  use my mind t o  come t o  a  reasonable 
and accep tab le  conclusion. Engineers have been doing t h a t  a l l  a long,  but  
r a r e l y  i n  an outspoken way. 
We have a l s o  not  been very c l e a r  about whether we a r e  speaking of shor t - ,  
medium- o r  long-term forecast.ing. Nor would we be  a b l e  t o  achieve any workable 
concensus i f  we discussed t h a t  i s s u e  a t  g r e a t  length.  I t  seems t o  me t h a t  we 
have spoken mainly about medium-term f o r e c a s t i n g .  This  i s  a b i t  e a s i e r  
because d i s c o n t i n u i t i e s ,  unexpected th ings  t h a t  may happen, a r e  l e s s  important.  
For t h e  same reason,  I would claim t h a t  mathematical modeling may be most 
s u i t a b l e  ( o r  l e a s t  unsu i tab le  i f  you l i k e )  i n  t h e  medium-term f o r e c a s t i n g  
f i e l d .  I n  t h e  r e a l  long-term, the main i n t e r e s t  would have t o  focus on d i s -  
c o n t i n u i t i e s ;  models may h e l p  t o  a s c e r t a i n  c e r t a i n  d i s c o n t i n u i t i e s  bu t  c e r t a i n l y  
not a l l  of them. 
When Icame t o  t h i s  conference, I t a d  a  r e l a t i v e l y  c l e a r  view of the  
e x i s t i n g  a g r i c u l t u r a l  models. I must admit t h a t  I am now almost completely 
confused, which means I have learned something about them. The only th ing  
we know f o r  s u r e  is  t h a t  every model i s  wrong, and every approach i s  wrong, 
o r  a t  l e a s t  con ta ins  a  number of wrong a s p e c t s .  I n  t h i s  s t a t e ,  consensus is  
about t h e  most dangerous th ing  t h a t  could happen t o  t h e  f i e l d  of a g r i c u l t u r a l  
f o r e c a s t i n g .  
F i n a l l y ,  I th ink  we should speak n e i t h e r  of optimism nor of pessimism i n  
t h i s  a rea .  These a r e  c a t e g o r i e s  belonging t o  j o u r n a l i s t s ,  s ta tesmen and 
o t h e r s .  What we must t r y  t o  be i s  r e a l i s t i c .  And i f  we want t o  be r e b e l s ,  
l e t  us  be c a r e f u l  r e b e l s ,  combining compassion with p rec i s ion .  
Rabar added the  following: I n  my opinion t h e r e  seem t o  be some contra-  
d i c t i o n s .  One concerns the  poss ib le  consensus. Cole e x p l i c i t l y  asked t h a t  we 
d e c l a r e  our consensus on a  few items a t  l e a s t ,  namely t h a t  t h e  t e c h n i c a l  p o s s i b i l -  
i t y  e x i s t s  t o  produce s u f f i c i e n t  food, and our r e j e c t i o n  of t h e  no t ion  of t r i a g e .  
Rademaker,however, s a i d  t h a t  consensus is  the  most dangerous th ing  we can 
imagine. This  seems t o  be r e l a t e d  t o  another  kind of consensus. Perhaps we 
should d i s c u s s  t h i s  f u r t h e r .  I n  s p i t e  of Cole 's  b e l i e f  t h a t  t h e r e  i s  genera l  
consensus t h a t  t h e  problems a r e  mainly i n s t i t u t i o n a l ,  I th ink  t h e  mere f a c t  
t h a t  t h e  models a r e  a t t a c k i n g  d i f f e r e n t  problems c o n t r a d i c t s  t h i s  opinion.  
So may I ask those who b u i l t  t h e  models: how f a r  do they a t t a c k  t h e  i n s t i -  
~ u t i o n a l  problem, and i f  they do no t ,  is  i t  because they have d i f f e r e n t  
ideas  about t h e  main purposes of t h e i r  models? 
Meadows s t a t e d :  I share  ~ a d e m a k e r ' s  opinion.  I am emerging from 
t h i s  conference more confused than before,  and I th ink  t h a t  i s  a  very good 
s ign .  One is  forced t o  s t a r t  a t  t h e  beginning, t o  ask  where do we go from 
here? And, may be more important,  t o  ask:  what a r e  we missing? So we should 
go back and f i r s t  ask: what i s  the  problem? Having tack led  t h a t ,  we can hope 
t o  g e t  back t o  what i s  t h e  b e s t  method t o  a t t a c k  it. Perhaps t h e  b e s t  th ing  
t o  recognize i s  t h a t  a l l  t h e  methods we use  a r e  necessary,  but should be 
used with cau t ion .  Before we go on t o  modeling, we should a t  l e a s t  under- 
s tand t h e  d i f f e r e n c e s  of underlying opinions.  Otherwise, I do not s e e  how 
models can help. 
Most people w i l l  agree t h a t  t h e r e  e x i s t s  a  problem t h a t  r e q u i r e s  ac t ion .  
But what a c t i o n s  a r e  required may lead t o  disagreement. Perhaps t h e  b e s t  
way t o  s e t t l e  t h i s  is  t o  look a t  the  kinds of a c t i o n s  being advocated, because 
those who have a  model w i l l  somehow have t o  incorpora te  t h e s e  p o l i c i e s .  
Bas ica l ly ,  one s e t  of p o l i c i e s  concerns the r e d i s t r i b u t i o n  of food, o r  
income o r  c a p i t a l  o r  -- some kind of r e d i s t r i b u t i o n .  Secondly, food can be 
produced b e t t e r ,  d i f f e r e n t l y ,  o r  i n  g r e a t e r  q u a n t i t y .  A t h i r d  s e t  concerns 
everything involved wi th  c o n t r o l l i n g  populat ion growth. Almost every po l icy  
mentioned so  f a r  f a l l s  i n t o  one of these  t h r e e  c a t e g o r i e s .  And i t  seems t h a t  
t h e r e  i s  a  c e r t a i n  i n c l i n a t i o n  t o  focus on one of t h e  t h r e e  p o l i c i e s  and t o  
neg lec t  t h e  ot.her two. Redis t r ibu t ion ,  i f  i t  could be implemented, would 
have a  f a s t  e f f e c t  on the  system. Food product ion takes a  l i t t l e  longer ,  and 
populat ion c o n t r o l  r e q u i r e s  the  most time; i t  may have almost no short-term 
e f f e c t ,  but over a  long-term, i t  has a  very l a r g e  e f f e c t .  
The Linnemann model is  d i r e c t e d  a t  r e d i s t r i b u t i o n  on an i n t e r n a t i o n a l  
l e v e l .  Other models t h a t  have not been discussed here dea l  wi th  var ious  
ways of c o n t r o l l i n g  populat ion growth o r  of opt imizing food product ion and the  
l i k e .  Maybe we a r e  t o  a  c e r t a i n  ex ten t  jumping ahead of ourse lves .  Most 
probably, a  mixture of a l l  t h r e e  p o l i c i e s  w i l l  be the  most e f f e c t i v e  and, of 
course, t h e r e  a r e  many connections among these  p o l i c i e s .  I think most of t h e  
emphasis should not  be on each one of these  t h r e e  p o l i c i e s ,  but  r a t h e r  on 
t h e i r  connections. 
A s  t o  the  p o l i t i c a l  s ide ,  people i n  those  count r ies  t h a t  would have t o  
bear t h e  burden of r e d i s t r i b u t i o n  most tend t o  look mainly on food product ion 
p o l i c i e s ;  a l l  around t h e  world one sees  very l i t t l e  i n t e r e s t  i n  populat ion 
po l icy .  This i s  t h e  r e a l  underlying reason why there  was l i t t l e  o b j e c t i o n  t o  
l eav ing  populat ion a s  an exogenous v a r i a b l e .  Populat ion i s  l i k e l y  t o  be 
l e f t  ou t  f o r  the  reasons t h a t  Cole would l i k e  u s  t o  form a  consensus on. 
Since t h e r e  a r e  no l i m i t i n g f a c t o r s i n  immediate s i g h t ,  and apparen t ly  s i n c e  
o t h e r  people b e l i e v e  the  populat ion problem w i l l  t ake  c a r e  of i t s e l f  i n  time, 
t h e r e  seems t o  be time enough and we do not  need to worry a t  a l l .  I j u s t  
would l i k e  t o  remind you t h a t  a  c h a r a c t e r i s t i c  property of complex systems 
i s  t h a t  they a r e  l i m i t e d  by t h e i r  most l i m i t i n g  f a c t o r .  Only one l i m i t i n g  
f a c t o r  is  requ i red  i f  everything e l s e  i s  i n  abundance, t o  have a  s t rong  
in f luence  upon the  system. In  my opinion,  c a p i t a l  w i l l  be t h e  most l i m i t i n g  
f a c t o r .  In  the  U.S., the  energy plan r e q u i r e s  a t  l e a s t  50% of a l l  g ross  
capital formation over the next thirty years. This may even rule out expan- 
sion of food production. Apparently, this is not the time for us to start 
asking in detail how to distribute food, how to produce food, but rather what 
will be the connections between distribution of food, production of food, and 
how will that affect population growth? 
Linnemann expressed the following: As regards Meadows idea on the need 
to include all the relevant aspects in a good model. I feel it is not suffi- 
cient that these aspects be included; there should also be some way of answer- 
ing that the assumed relationship holds. 
Meadows agreed: To leave out a relationship is the most inaccurate 
thing one could do; even a bold guess of a relationship is always better 
than an omission of the relationship entirely. The basic question is whether 
we feel that the world has to go ahead on the basis of imperfect knowledge or 
whether we can assume it to stand still for a while waiting for perfect know- 
ledge. 
Gallopin commented on the role of models: I agree with what has been 
said about this need for many models as a consensus at this time of the 
development which is by far too premature. On the other hand, I think we 
should not limit ourselves by saying no model is really true, that each model 
must have its biases and errors, and is only a particular picture of reality 
from the point of view of the modeler. In my opinion, to attain some degree 
of credibility and robustness, we must simply work on as many models as 
possible and observe whether there is some convergency on the main issues. 
Of course, one must avoid comparing only these models that belong to the 
same class. 
As to policy reconunendations, I share the opinion expressed by Linnemann. 
It would certainly be desirable, if possible, to associate through policy 
recommendations something like a factor of credibility. If every model came 
up with two or three policy recommendations, some of them would be based on 
weaker hypotheses than others. So, in principle, it should be possible to 
associate with the output some qualitative degree of  roba ability with respect 
to the hypothesis. This might prove to be an interesting point of discussion 
for future work. 
In the discussions at the Conference, there seems to be some form of 
concensus that the limits to full production are essentially of a socio- 
political rather than of a physical nature. If this is true, the conclusion 
might be drawn that there must be policies that could solve the problems and 
therefore merit deeper investigations. However it is an illusion to believe 
that, in the near future, an inclusion of socio-political factors explicitly 
in the models will be achieved at the present state of the art, even though 
it would be recommendable. In our model we simply assumed that the political 
changes can be implemented, without examining the question of how easy it 
might be to carry through these changes. However, I recognize that this is 
not sufficient. Another thing we will need in the future is models that 
could work with fuzzy, vague or qualitative information. All our models were 
derived too strongly from the engineering sciences. It is therefore not 
enough to make sensitivity tests, because there are many qualitative vari- 
ables which are not included in the model. This inclusion of qualitative 
variables will be sufficient since most of us are mainly interested in 
qualitative results anyway. 
As to optimistic versus pessimistic projections, I found in my work 
that, in most cases, pessimistic projections assumed the complete mainten- 
ance of current socio-political constraints, whereas the optimistic ones 
assumed that these factors can be changed. 
As to the population question raised by Meadows, I agree that this is 
a very critical point. We therefore had a well-defined population model 
within our model; we tried to show that population stabilization can occur 
from increased standards of living and not from enforced population control. 
I wish to add that any imposed population control is, and will be, much more 
difficult to apply in an underdevloped country than is population control 
resulting from production increases. 
In our model, furthermore, we did not find that capital proved to be the 
limiting factor; the limiting factor simply was the existing political and 
social contraints. 
Rabar returned to the hypotheses express by Cole--there is overall 
agreement that the food problem is mainly an institutional problem. 
Linnemann commented briefly: From our study, it is obvious that insti- 
tutional problems are perhaps the biggest ones. I also agree with Meadows 
that the three policy directions cannot be disconnected. As to the consumption 
side: as long as consumption of food is determined by income levels, one has 
to take into account that people in higher income brackets consume more food 
because they consume processed food, which is also an institutional aspect, 
if you like. So I might say that our group sees the major problems in the 
field of distribution. 
Gallopin opined: 
mentioned by Meadows. 
and a socio-political 
the Bariloche model takes care of all three directions 
We have a population sector, a food production sector, 
scenario which is not explicitly shown in mathematical 
form, but which enters by assuming an equal distribution for all people. 
Furthermore, we show that one cannot control population directly; population 
will grow, but will stabilize by itself on a level much higher than the 
current level. I would be very much in favor of a model that would include 
explicitly the socio-political restraints. 
Bottomley inquired: Does one really need to worry so much about these 
socio-political contraints. We know that for a long time conferences have 
been going on about land reform, rural credit, employment, and so forth. The 
recommendation formulation by these conferences might lead the modeler to the 
conclusion that if these actually were taken, this would immediately lead 
to a different distribution of income and wealth that might alter elasticities 
of demand in the world in certain directions. These inputs could be made 
readily available to modelers and could be used for modeling purposes. 
Kaya agreed that institutional or socio-technical problems can, to a cer- 
tain extent, be included in a model. He stated: I think it is more important 
to realize that the model is not an almighty thing. Even if we have a good 
model, it is impossible to explain everything through that model. Models 
will never be able to give exact solutions to problems. 
Tarjan note?: Institutional problems are the most important ones. 
If, for example, in the Sahel-Sudan region we had done a single model, we 
probably would not have been able to identify the sort of institutional 
problems that we did identify in our analysis. Consequently, perhaps our 
"model" should be called the systems approach rather than the single model. 
What we have done was to connect several models of the various sectors of 
the economy; this could also be done for global models. 
I have great doubts about any particular single model. For instance, 
the basic assumption of MOIRA is income and price elasticity of demand and 
its impact on production and other factors. Will that still be true five 
years from now? Any false implication has high opportunity costs; if we 
accept a false implication of any particular model, this means that we for- 
go an alternative opportunity. All alternatives of this kind might be for- 
gone if one sticks too closely to the implications of any particular model. 
Linnemann focussed attention on a few issues previously raised: Cole 
and Gallopin have claimed that the basic philosophy of our model was a 
"beggar thy neighbor" behavior. Also, I do not think one should distinguish 
between optimists and pessimists. I think one should rather speak of a 
model reflects reality, whatever the reality is; and if this results in a 
pessimistic view, it certainly does not mean one cannot use this result to 
introduce a policy to change this realty. One could turn this around: the 
only way to have really optimistic solutions is to have a pessimistic problem 
statement. So a model should try to reflect or depict reality as accurately 
as possible. Therefore, we deliberately did not start developing a model for 
any ideal society; our starting point should lie as much as possible in 
reality. Of course different people may have different perceptions of 
realty; for model builders this is a tremendous problem, but who is going 
to tell the model builder what reality really looks like? We felt, however, 
that in the fields of agriculture and of agricultural economics there is 
sufficient agreement on certain basic principles of mechanisms or theories, 
whatever you might wish to call them. On the other hand, we felt that in 
other fields such as ecology, the state of the art is comparatively speaking 
so undeveloped that, from our discussions with various ecologists, we were 
unable to derive any common view, any general principle that we would have 
been able to build into our models. That was the reason why we left out most 
of these aspects. The same holds for biological and geographic factors, as 
well as for labor productivity, food consumption and the like. Nevertheless, 
we admit that a model is only a picture of reality and can never be a substi- 
tute for reality: it is only a simplification. At best, our model will be 
able to be used as a conditional forecast. If we take reality as we see it 
today as our starting point, indeed there is a good deal of pessimism in the 
model. It is therefore also true that most nations have behaved in what has 
been described as a "beggar they neighbor" policy. 
Kamrany agreed: We may have different perceptions of reality, but 
a scientific approach should be based on more solid ground as to the way it 
pursues its work. 
Gallopin added the following: One avoids speaking of pessimism versus opti- 
mism at large, and should be careful to say in respect to what. We are, for in- 
stance, optimistic with respect to thinking that there are no physical limits, 
but we are pessimistic about what we think will happen with respect to reality: 
I do not really know what reality is. Is it reality to assume the permanence 
of political conditions of today for another hundred years from now? This has 
been disproved. Incidentally this is why I think that the inclusion of socio- 
political considerations in modeling work is essential. 
Rabar observed: We all share the feeling that we should go much more 
into the details than our time constraints will allow us. However, I think we 
should again focus attention on concrete aspects of our problems. In particular, 
two problems seem unresolved: one is the single product assumption made by 
MOIRA, and the other one is the real role of prices in the model. Can we make 
a comparison of how prices work in different models? 
Gallopin objected to the observation that every model presented here 
contains these problems. He added: Our model has at least three conrmod- 
ities in the food sector, each of which serves as an indicator for a 
broad class of categories. Price in our model is used as a policy instrument 
in order to allocate labor and capital in an optimal way to different produc- 
tive sectors. 
Linnemann made this following point: We have explained at such length why 
we limited ourselves to a one-product approach. The main reason is that 
disaggregation on the product side requires a description of individual 
product markets or of groups of product markets; this might be a rather 
cumbersome thing in itself, aggravaged by the fact that input data may not 
be specified as to the type of commodity grown. Nevertheless, we feel that 
a certain disaggregation would be desireable, mainly disaggregation among 
food products and non-food products. This is one direction we should pursue 
in our future work. 
Rademaker did not think that one should regard the MOIRA model as a 
single product model. The model has started with an investigation of the 
production in each country, considering fifty major food crops and then 
aggregating them into a single artificial comodity, consumable protein. 
At least the production side must be considered, by far, more detailed. 
Linnemann stated that as to how far to disaggregate depends very much 
on what one is ultimately trying to do with a model. What for some questions 
may be a central aspect may be insignificant or less important for other 
questions; the basic message about the amount of hunger in the world would 
not have been altered substantially by a disaggregation of various commodities. 
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l eve l .  Such a  capac i ty  r equ i r es  a  s t a b l e  core  o f  p ro fess iona ls  capable 
o f  amassing, a s s i m i l a t i n g  and ana lyz ing  data and In fo rmat ion  w i t h l n  a  
problemat ic  framework. Prov id lng  a  backstop f o r  such a  co re  would r e -  
q u i r e  t h e  c r e a t i o n  o f  a  c e n t r a l l y  located worldwide data bank and general lzed 
computer sof tware l i b r a r y  capable o f  supply ing both up-to-date in fo rmat ion  
and a n a l y t i c a l  models which would be used t o  prov ide na t i ona l  and i n t e r -  
na t i ona l  p o l i c y  makers w i t h  an understanding o f  t h e  l i k e l y  consequences o f  
a l t e r n a t i v e  courses o f  a c t i o n  t o  so lve  s p e c i f i c  problems i nvo l v i ng  food 
and a g r i c u l t u r e .  
The re ta rded  development o f  such a  mul t i -purpose capac i t y  can be 
l i n ked  t o  t he  absence o f  a  wor ld governing body d i r e c t l y  respons ib le  f o r  
ana lyz ing  and implementing programs which address g l oba l  issues. The 
c r e a t i o n  o f  such a  capac i t y  i n  t h e  absence o f  a  wor ld governing body 
w i l l  be d i f f i c u l t  because o f  t h e  importance o f  ex tens ive  i n t e r a c t i o n s  
encompassing p ro fess iona ls  and p o l i c y  makers i n  t he  con tex ts  o f  s p e c l f i c  
problems. To date t h e  o p p o r t u n i t i e s  f o r  engaging i n  such i n t e r a c t i o n  a re  
a t  t h e  na t i ona l  leve l  o r  w i t h  i n t e rna t i ona l  agencies a t  t h e  na t i ona l  
l e ve l .  The f o l l o w i n g  paper examines one such domain, t h e  wor ld food-populat ion 
issue,as an i n i t i a l  s tep  i n  developing a  much broader wor ld a n a l y t i c a l  capac i ty .  
Why An Ana l y t i ca l  Capaci ty  i s  Needed t o  Examine 
t h e  World Food and A g r i c u l t u r e  Dimension o f  World Problems 
The need f o r  an a n a l y t i c a l  capac i ty  addressing t o p i c s  o f  re levance and 
use t o  dec is ion  makers f o r  p lanning and p o l i c y  fo rmu la t ion  has never been 
g rea te r .  Rapid changes i n  i n f l a t i o n  and r i s i n g  food p r i ces ,  inc reas ing  
popu la t ions  and income d i s t r i b u t i o n  a re  c o n t i n u a l l y  posing problems which 
must be confronted by today 's  dec is ion  makers. I d e n t i f i a b l e  problems e x i s t  
when a p u b l i c  o r  p r i v a t e  d e c i s i o n  maker, w i t h  power t o  a c t  w i t h i n  t h e  
c o n s t r a i n t s  o f  h i s  decision-making s t r u c t u r e ,  f i n d s  t h a t  a  s i t u a t i o n  i s  
less  good o r  more bad than i s  d e s i r a b l e  and necessary. When viewed i n  
t h i s  perspect ive,  it becomes apparent t h a t  a  la rge  number o f  s p e c i f i c  
problems w i t h  a g r i c u l t u r e ,  food, populat ion,  and n u t r i t i o n  dimensions a r e  
b e f o r e  p u b l i c  and p r i v a t e  d e c i s i o n  makers. These problems a r e  i n t e r r e l a t e d  
I n  a socio-economic, p o l l t i c a l ,  humanis t ic  and t e c h n i c a l  web w i t h i n  and among 
na t ions .  I t  f o l l o w s  t h a t  no s i n g l e  academic d i s c i p l i n e  o r  model, however 
complex, can deal adequately w i t h  t h e  f u l l  range o f  problems which can be 
s p e c i f i e d .  What i s  needed i s  a  v a r i e t y  o f  genera l ized models which w i l l  
analyze t h e  complex s e t  o f  r e l a t i o n s h i p s  surrounding t h e  food and popula- 
t i o n  s i t u a t i o n  and a c a p a c i t y  t o  update and develop new models as new problems 
a r i s e .  3  
The need t o  b u i l d  models o f  processes i n v o l v i n g  a g r i c u l t u r e ,  food, popu- 
l a t i o n  and n u t r i t i o n  a r i s e s  from t h e  problems w i t h  these  dimensions which 
o r i g i n a t e  i n  and a r e  s o l v a b l e  by rea l -wor ld  market and nonmarket changes. 
Market f o r c e s  a r e  c o n t i n u a l l y  changing due t o  changes i n  popu la t ion ,  i n -  
come d i s t r i b u t i o n ,  t a s t e s  and preferences, weather, technology and o ther  
demand and supply c o n d i t i o n s .  Nonmarket changes a r i s e  from changes i n  
human capac i t y ,  o u t l o o k  and perspect ives,  i n s t i t u t i o n s ,  technologies,  and 
p a t t e r n s  o f  p u b l i c  concern. Changes lead t o  problems o f  resource a l l o c a -  
t i o n ,  income d i s t r i b u t i o n ,  and resource ownership. S o l u t i o n s  t o  these 
problems have a m u l t i t u d e  o f  socio-economic, p o l i t i c a l  and human con- 
sequences which t h e  d e c i s i o n  maker must weigh i n  h i s  cho ice  o f  a  s o l u t i o n .  
Often, p a r t i c u l a r l y  when e x t r a  market choices a r e  made, dec is ions  w i l l  
a l l o c a t e  b e n e f i t  t o  some a t  t h e  expense o f  o thers .  Such a l l o c a t i o n s  
3~ general d i scuss ion  o f  t h e  systems that.make up o r  embrace a g r i -  
c u l t u r e  can be found i n  A f r i c a n  A q r i c u l t u r a l  Research C a p a b i l i t i e s  
publ ished by t h e  Nat iona l  Academy o f  Sciences (Washington, 1974) .  
u s u a l l y  r e q u i r e  enforcement t o  mainta in .  Se lec t ion  o f  t h e  enforcement 
s t r a t e g y  which may inc lude  a i d  and c h a r i t y ,  p o l i t i c a l  ac t ion ,  t h r e a t s  
o r  even m i l i t a r y  a c t i o n  i s  as much a  p a r t  o f  s o l v i n g  these ext ra-market  
problems as t h e  i n i t i a l  process o f  i d e n t i f y i n g  a c t i o n s  t o  so lve  them. 
The need f o r  problem-solv ing a n a l y s i s  and thus  models i n  t h e  i n t e r -  
n a t i o n a l  arena has increased as na t ions  have become more interdependent 
and as populat ion,  per c a p i t a  incomes, and t h e  demand f o r  food has in -  
creased. The comparat ive advantages o f  t h e  p roduc t i ve  land, labor  and 
c a p i t a l  i n  d i f f e r e n t  c o u n t r i e s  has made i n t e r n a t i o n a l  t r a d e  d e s i r a b l e  
and, indeed, necessary,especial ly i n  food. Some o f  t h e  problems asso- 
c i a t e d  w i t h  food, however, cannot be handled by t h e  f r e e  f low o f  fo rces  
i n  t h e  i n t e r n a t i o n a l  market. Increasing n a t i o n a l  popu la t ions  and t h e  
growing use o f  nonmarket mechanisms i n  t h e  a l l o c a t i o n  and d i s t r i b u t i o n  o f  
food p r o v i d e  s t a r k  evidence o f  t h e  growing concern which dec is ion  makers 
i n  t h e  excess as we l l  as d e f i c i t  food producing na t ions  a r e  p l a c i n g  on 
food and popu la t ion .  The need f o r  model ing and a n a l y s i s  t o  design improved 
processes f o r  p r i c i n g ,  d i s t r i b u t i n g ,  s t o r i n g  and managing reserves i s  grow- 
ing and can no longer be ignored. 
The urgency o f  t h e  work has become inc reas ing ly  ev iden t .  Events o f  
t h e  e a r l y  1970s, i n c l u d i n g  t h e  f a l t e r i n g  o f  t h e  green r e v o l u t i o n ,  adverse 
weather over  major areas o f  t h e  globe, t h e  U. S. d e c i s i o n  t o  d r a s t i c a l l y  
reduce g r a i n  stocks, t h e  abrup t  change i n  Russian g r a i n  impor t  p o l i c y ,  and 
major d i s r u p t i o n s  i n  t h e  wor ld  petroleum and f i n a n c i a l  markets combined 
t o  endanger t h e  tenuous margin o f  s a f e t y  which e x i s t e d  i n  t h e  wor ld  food- 
popu la t ion  balance. These events have led t o  d r a s t i c  increases i n  t h e  
cos ts  o f  a g r i c u l t u r a l  i n p u t s - - p r i m a r i l y  fue l  and f e r t i l i z e r ,  s h o r t  s u p p l i e s  
of  food commodities, sky-rocket ing a g r i c u l t u r a l  p r i ces ,  v o l a t i l e  commodity 
markets on a  wor ld  sca le  and an i n a b i l i t y  o f  t h e  poor c o u n t r i e s  t o  pay 
f o r  t h e  l a r g e r  amounts o f  food, petroleum and modern iz ing inpu ts  they  
d e s i r e  from wor ld  markets. 
The press o f  r a p i d l y  increasing. popu la t ions  on t h e  a g r i c u l t u r a l  
resource base i s  a l s o  recognized as an impor tant  dimension t o  many 
problems. I n  1974 two major i n t e r n a t i o n a l  conferences were h e l d  concern- 
i n g  these issues. The f i r s t  was t h e  World Popu la t ion  Conference. A major  
quest ion a r i s i n g  from t h i s  conference was whether popu la t ion  c o n t r o l  and 
d e c l i n i n g  r a t e s  o f  popu la t ion  growth a r e  a  p r e r e q u i s i t e  t o  o r  a  r e s u l t  o f  
economic and s o c i a l  development. Even though l i t t l e  e m p i r i c a l  evidence 
e x i s t s  t o  suppor t  e i t h e r  p o s i t i o n ,  most de legates chose t o  accept  t h e  
hypothesis  t h a t  d e c l i n i n g  r a t e s  o f  popu la t ion  growth a r e  a  r e s u l t  o f  
development and c a l l e d  f o r  increased e f f o r t s  on t h e  p a r t  o f  developed 
n a t i o n s  30 suppor t  LDC development. I n  add i t i o n ,  t h e  conference adopted 
t h e  p r o p o s i t i o n  t h a t  f a m i l y  p lann ing  and in fo rmat ion  se rv ices  should be 
a v a i l a b l e  t o  a l l  people as a  human r i g h t .  Many coun t r ies ,  however, a r e  
u n w i l l i n g  t o  a c t .  The second conference was t h e  World Food Conference i n  
Rome which recommended a  worldwide food i n t e l l i g e n c e  network i n  which c o u n t r i e s  
would p r o v i d e  data and in fo rmat ion  on shor t - term o u t l o o k  o f  food p roduc t ion  
and stocks. Such a  network would p rov ide  an e a r l y  warning system t o  p i n p o i n t  
impending l o c a l  food s tock  s h o r t f a l l s  t o  a l l o w  t ime t o  a v e r t  l o c a l i z e d  
d i s a s t e r s  through food a l l o c a t i o n s  from a  proposed wor ld  food s t o c k p i l e .  
Thus, t h e  events o f  t h e  e a r l y  1970s and t h e  two major  wor ld  conferences 
s t r e s s  t h e  need f o r  b e t t e r  in fo rmat ion  and a n a l y s i s  o f  wor ld  food p roduc t ion  
p o t e n t i a l s ,  popu la t ion  c o n t r o l  p o s s i b i l i t i e s ,  and t h e i r  i n t e r a c t i o n s .  
To a  s i g n i f i c a n t  extent ,  t h e  aggregat ion o f  i n d i v i d u a l  n a t i o n a l  p o l i c i e s  
r e l a t i n g  t o  popu la t ion  and food w i l l  d e t e n i n e  t h e  r e l a t i v e  r a t e s  o f  
change, t h e  leve ls ,  and t h e  reg iona l  d i s p a r i t i e s  which w i l l  e x i s t  among 
these v a r i a b l e s  i n  t h e  f u t u r e .  
The model ing and a n a l y t i c a l  capac i t y  c a l l e d  f o r  below can p rov ide  
a d d i t i o n a l  i n fo rmat ion  about these v a r i a b l e s  i n  t h e  s h o r t  (1-5 year)  and 
in te rmed ia te  (5-20 year )  range. I t  would be va luab le  t o  both n a t i o n a l  
and i n t e r n a t i o n a l  dec is ion  makers i n  o r g a n i z a t i o n s  such as t h e  U. N., FAO, 
World Bank, t h e  Regional Investment Banks, as w e l l  as b i l a t e r a l  donor 
agencies such as AID. I n  most cases t h e  model ing c a p a c i t y  would n o t  
p r o v i d e  n a t i o n a l  d e c i s i o n  makers w i t h  d e t a i l e d  in fo rmat ion  concern ing 
t h e  domestic consequences o f  p o l i c i e s  and p lann ing  done w i t h i n  t h e i r  
na t ion .  I t  could, however, p rov ide  in fo rmat ion  on t h e  ex te rna l  e f f e c t  
o f  i n d i v i d u a l  n a t i o n a l  p o l i c i e s  t o  bo th  t h e  n a t i o n a l  d e c i s i o n  maker and 
o t h e r s  i n  t h e  i n t e r n a t i o n a l  community. 
Pas t  and Ongoing Model ing E f f o r t s  
Several food and a g r i c u l t u r a l  model ing e f f o r t s  a r e  now underway 
through FAO, World Bank, USAID and under i n d i v i d u a l  coun t ry  auspices. 
Most focus on t h e  domestic consequences o f  n a t i o n a l  p o l i c i e s  and p lanning.  
While they  a r e  impor tant  and va luab le  f o r  p o l i c y  a n a l y s i s  w i t h i n  na t ions  
and p rov ide  t h e  bas is  f o r  l i m i t e d  conclus ions concern ing t h e  ex te rna l  
e f f e c t s  o f  domestic p o l i c y ,  they f a l l  cons iderab ly  s h o r t  i n  p r o v i d i n g  
bas ic  ex te rna l  i n fo rmat ion  f o r  ana lyz ing  t h e  interdependent e f f e c t s  o f  
n a t i o n a l  p o l i c i e s  between na t ions  i n  t h e  needed g loba l  pe rspec t i ve .  
A t  t h e  o t h e r  end o f  t h e  model ing spectrum a r e  t h e  e f f o r t s  charac te r -  
ized by t h e  two Club o f  Rome repor ts .  Due t o  t h e  complex i ty  o f  each o f  
t h e  major  issues con f ron ted  i n  these models, t o  say no th ing  o f  t h e  
comp lex i t y  o f  t h e i r  i n t e r a c t i o n s ,  these two model ing e f f o r t s  were kept  
a t  a  g loba l  o r  reg iona l  l eve l  w i t h o u t  n a t i o n a l  d e t a i l .  T h i s  leve l  o f  
a n a l y s i s  however has ser ious  drawbacks. Problems posed a t  such l e v e l s  
a r e  n o t  w i t h i n  t h e  domain o f  i n f l u e n c e  o f  any e x i s t i n g  p o l i c y  dec is ion -  
making body. Thus, t h e r e  i s  no reg iona l  o r  wor ld  government capable o f  
developing p o l i c y  and p lann ing  d i r e c t i o n s  needed t o  c o n f r o n t  t h e  problems 
as enumerated i n  t h e  repor ts .  
Several impor tant  lessons can be drawn from these model ing e f f o r t s .  
F i r s t ,  t o  be o f  opera t iona l  use, a  g loba l  model o f  food and a g r i c u l t u r e  
must n e c e s s a r i l y  be aggregated from s p e c i f i c  n a t i o n a l  l eve l  components 
capable o f  assessing t h e  i n t e r n a l  and ex te rna l  consequences o f  n a t i o n a l  
p lann ing  and p o l i c y  e f f o r t s .  To b u i l d  o p e r a t i o n a l l y  r e l e v a n t  models, 
a n a l y s t s  must i n t e r a c t  w i t h  d e c i s i o n  makers who have t h e  a u t h o r i t y  and 
r e s p o n s i b i l i t y  t o  fo rmu la te  and c a r r y  o u t  p o l i c i e s  and programs which 
a f f e c t  t h e  va lues  o f  t h e  major  v a r i a b l e s  o f  concern. Continuous i n t e r -  
a c t i o n  d u r i n g  t h e  model -bui ld ing process i s  r e q u i r e d  so t h a t  t h e  knowledge 
o f  legislators and government o f f i c i a l s  can be combined w i t h  t h e  s k i l l s  o f  
t h e  model b u i l d e r s  and ana lys ts .  A t  t h e  wor ld  leve l ,  a n a l y s t s  have no 
e f f e c t i v e  l e g i s l a t i v e  o r  execu t i ve  wor ld  bodies w i t h  which t o  i n t e r a c t .  
Even t h e  FA0 a n a l y s t  i s  depr ived o f  t h e  o p p o r t u n i t y  t o  i n t e r a c t  w i t h  a  
wor ld  government having r e s p o n s i b i l i t y  f o r  implementing s o l u t i o n s  t o  
problems i n v o l v i n g  a g r i c u l t u r e ,  food, popu la t ion  and n u t r i t i o n .  
Second, a t  l e a s t  i n  t h e  f i r s t  round, a  model o f  food and a g r i c u l t u r e  
should n o t  a t tempt  t o  address in-depth i n t e r r e l a t i o n s h i p s  w i t h  t h e  
environment, energy, i n d u s t r i a l i z a t i o n  and o t h e r  major  areas. Rather, 
t h e  focus should be on food and a g r i c u l t u r e  w i t h  t h e  model s t r u c t u r e  
being formulated t o  a l l o w  f o r  f u t u r e  l i nkages  w i t h  d e t a i l e d  models o f  these 
o t h e r  areas as resources become a v a i l a b l e  and as theory  and new knowledge 
a re  developed. I t  i s  impera t i ve  t o  p r o j e c t  t h e  e f f e c t s  o f  changes i n  
energy, t h e  environment, t h e  n a t u r a l  resource base and popu la t ion .  The 
i n i t i a l  c o n c e p t u a l i z a t i o n  o f  t h e  model should in t roduce  these changes as 
exogenous v a r i a b l e s  o r  shocks t o  t h e  food and a g r i c u l t u r e  sec to r .  
Th i rd ,  w h i l e  a  g loba l  model which s imu la tes  a  scenar io  over  a f u t u r e  
t i m e  span o f  100 t o  200 years i s  use fu l  t o  draw a t t e n t i o n  t o  t h e  major 
issues an3 gross i n t e r r e l a t i o n s h i p s  involved, i t  does n o t  address t h e  
consequences o f  shor t - te rm p o l i c y  adjustments which may be r e q u i r e d  i n  
var ious p a r t s  o f  t h e  system. To accomplish t h i s  goal a  t i m e  span ranging 
up t o  20 years i s  more r e a l i s t i c .  
Fourth, t h e  model s t r u c t u r e  should be a b l e  t o  deal w i t h  n a t i o n a l  
and r e g i o n a l  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  o f  p roduc t i ve  capac i t y  
and popg la t ions .  I n  a  hetercgcnezus wor ld  s h o r t f a l l s  o f  food, w h i l e  
numerous, a r e  smal l and perhaps randomly d i s t r i b u t e d  t t i rough space and 
t ime. Consequently, m a l n u t r i t i o n ,  s t a r v a t i o n ,  disease, war and s o c i a l  
un res t  occur  rnore o r  less con t inuous ly .  The cont inuous adjustment o f  
p o p u l a t i o n  t o  changes i n  p r o d u c t i v e  c a p a c i t y  and food supp l ies  occurs i n  
t h e  absence o f  c a t a s t r o p h i c  famines and s o c i a l  upheavals. 
By c o n t r a s t  a  h i g h l y  homogeneous wor ld  would be c h a r a c l e r i z e d  by a  
sma l l  number o f  very la rge  sca l  e farni nes, pest  i l  ences, soc ia l  up heava l  s  
and major  wars. Popu la t ion  adjustments i n  a  wor ld  c h a r a c t e r i z e d  by 1-hese 
major s h i f t s  i n  p roduc t i ve  capac i t y  and food supply would be made up o f  
l a rge  d i s a s t e r s  occur r i r i g  a t  s i n g l e  p o i n t s  i n  t ime  over  wide geographic 
areas unless a  wor ld  s o c i a l  o r  governnental c o n t r o l  system mainta ined t h e  
r e q u i r e d  popu la t ion - food  balance. Fos te r ing  e q u i t y  considera-l- ions n i ight  
be another  f u n c t i o n  o f  s government. I-l- i s  cxt ren ie ly  impor tant  i n  develop- 
i n g  a  motlel o f  wor ld  food and agr. icul l -ure t h a t  1-he i n - l e r r e l a t i o n s h i p s  
among he te rogene i t y  and homogeneity, s o c i a l  and governmental c o n t r o l  
mechanisms and t h e  b i o l o g i c a l  c o n t r o l  methods b e  considered i n  t h e  c o n t e x t  
o f  e i t h e r  a  growing o r  d e t e r i o r a t i n g  capac i t y  t o  produce food. 
F i f t h ,  when food and popu la t ion  a re  viewed as aspects  o f  a  l a r g e r  
s e t  o f  problems, it i s  apparent t h a t  s p e c i f i c  models o r  model mod i f i ca -  
t i o n s  a re  needed f o r  each problem. 
S i x t h ,  it i s  c l e a r  t h a t  genera l  models a r e  needed. The word general,  
however, has a v a r i e t y  o f  meanings. When used as an a d j e c t i v e  mod i fy ing  
approach, it means t h a t  t h e  approach i s  u n r e s t r i c t e d  w i t h  respec t  t o :  
( a )  types and sources o f  i n f o r m a t i o n  ( m u l t i - d i s c i p l i n a r y ) ,  ( b )  p h i l o s o p h i c  
o r i e n t a t i o n  (capable o f  d e a l i n g  w i t h  p o s i t i v e ,  normative and p r e s c r i p t i v e  
knowledge i n  t h e  con tex t  o f  a  p a r t i c u l a r  problem), and ( c )  technique ( i . e . ,  
capable o f  us ing nonmaximizing o r  p r e d i c t i v e  as we l l  as maximizing o r  
p r e s c r i p t i v e  models). For example, economists us ing s t a t i c  o p t i m i z i n g  
models cannot so lve  t h e  wor ld  g r a i n  management problem by themselves. Nor 
can agronomists so lve  t h e  food a l l o c a t i o n  problem w i t h  g e n e t i c  models 
t h a t  con t inua l  l y  increase c rop  y i e l d s  w i t h  h i g h  cos ts  and h i g h  r i s k  inpu ts .  
Instead, bo th  d i s c i p l i n e s  i n  c o n j u n c t i o n  w i t h  many o t h e r s  must j o i n  t h e i r  
d i s c i p l i n a r y  theor ies ,  methodologies and in fo rmat ion  i n t o  genera l i zed  
models which encompass t h e  unique domains o f  t h e  s p e c i f i c  problems be ing  
addressed. 
The word general i s  a l s o  used as an a d j e c t i v e  t o  modi fy  t h e  word 
m d e l .  A general model has a capaci l-y t o  handle more than  one s p e c i f i c  
problem wi thoul -  major m o d i f i c a t i o n .  The more m o d i f i c a t i o n  r e q u i r e d  i n  a 
model i n  o r d e r  t o  t r a n s f e r  il' f rom one problem 10 another  t h e  less  general 
i t  i s .  A g loba l  model o f  food and a g r i c u l t u r e  would have t o  be general 
enough t o  handle a f a i r l y  broad c l a s s  o f  problenls faced by t h e  in te rna l - iona l  
and n a t i o n a l  agencies concerned w i t h  s o l v i n g  these problems, w i t h o u t  
major mod i f i ca t ion ,  
Due t o  t h e  c o m p l e x i t i e s  o f  t h e  issues, t h e  problems which c o n f r o n t  
d e c i s i o n  makers w i l l  f a l l  o u t s i d e  t h e  c a p a b i l i t i e s  o f  t h e  general model t o  
g r e a t e r  and lesser  degrees. Thus, i n  o rder  t o  be general,  a model should 
be cons t ruc ted  o f  components which can be disassembled and reassembled t o  
address t h e  domains o f  s p e c i f i c  problems, perhaps i n  a s e t .  The process 
o f  d isassembl ing and reassembling models t o  represen t  d i f f e r e n t  domains 
requ i res :  ( 1 )  a sof tware l i bra ry  i n  which components can be s to red  and 
made r e a d i l y  a v a i l a b l e ,  ( 2 )  a data bank, and above a l l ,  ( 3 )  a s t a b l e  o f  
competent system-simulat ion personnel capable o f  d isassembl ing and 
reassembling t h e  components o f  t h e  models t o  address s p e c i f i c  problems. 
The team o r  s t a b l e  o f  e x p e r t s  should be d i s c i p l i n a r i a n s  w i t h  enough 
command o v e r  system-s imulat ion techniques t o  b r i n g  t h e  t h e o r i e s  and data 
o f  t h e i r  d i s c i p l i n e s  t o  bear on t h e  problem o f  model ing t h e  domains o f  
s p e c i f i c  problems. A t  t imes t h e  team would merely reassemble e x i s t i n g  
componenls; a t  o t h e r  t imes, i t would undoubtedly be necessary f o r  them t o  
develop new components. New components may o f t e n  be impor tan t  p ieces o f  
s o c i a l  c a p i t a l  which should be p laced i n  t h e  so f tware  l i b r a r y  and pre-  
served f o r  use by subsequent persons b u i l d i n g  models o f  i h e  domains o f  
o t h e r  s p e c i f i c  problems. 
Experience has shown t h a t  models o f  t h e  domains o f  s p e c i f i c  problems 
a r e  use fu l  i n  f i n d i n g  s o l u t i o n s .  The s o l u t i o n  sought, be it an i n d i v i d u a l  
act ,  a p r o j e c t ,  a prograrn o r  an overa l  l pol i cy ,  represents,  i n  some sense, 
t h e  bes t  o f  t h e  s e t  o f  open a l t e r n a l i v e s  a v a i l a b l e  f o r  s o l v i n g  t h e  problem. 
The search f o r  a s o l u t i o n ,  howevcr, does n o t  mean t h a t  o p t i m i z i n g  models 
a r e  t o  be used I n l t l a l l y  w i t h o u t  regard t o  t h e  processes o f  establishing 
t h e  preconditions f o r  f i n d l n g  t h e  best.  4  
The f l r s t  such p r e c o n d i t i o n  i s  t h e  acceptance o f  a  c o n o n  denominator 
i n  terms o f  which t h e  "goodstf be ing  sought and "badsfl be ing  avoided i n  
s o l v i n g  t h e  problem can be measured. U n t i l  such a  common denominator 
I s  a v a i l a b l e  t h e r e  i s  no s i n g l e  o b j e c t i v e  f u n c t i o n  t o  maximize i n  d e f i n -  
Ing  and l o c a t i n g  t h e  best .  The second p r e c o n d i t i o n - - r e a l l y  a  spec ia l  
case o f  t h e  f i r s t - - i s  t h a t  t h e  common denomlnator s e l e c t e d  must have 
In te rpersona l  v a l i d i t y .  T h i s  i s  necessary i f  cho ices  a r e  t o  be made 
among a l t e r n a t i v e s  which impose damages on some w h i l e  c o n f e r r i n g  b e n e f i t s  
on o t h e r s  a t  t h e  same o r  d i f f e r e n t  p o i n t s  i n  t ime  and space. The t h i r d  
r e q u i r e s  t h a t  t h e  a l t e r n a t i v e  ac t ions ,  p ro jec ts ,  programs and p o l i c i e s  
be ing  considered be p laced i n  t h e  o r d e r  o f  t h e i r  decreasing excess o f  
flgood!f o v e r  "bad" per  u n i t  o f  bad, as  measured by t h e  common d e ~ o m i n a t o r  
s e l e c t e d  i n  one and two above. The f o u r t h  and p o s s i b l y  t h e  most d i f f i c u l t  
i s  t h e  acceptance o f  a  decision-making r u l e  t o  be employed i n  choosing 
among a l t e r n a t i v e s .  I f  p e r f e c t  knowledge i s  assumed, t h e  obv ious r u l e  i s  
t o  s u b t r a c t  bad from good and maximize t h e  d i f f e r e n c e .  Under t h e  assump- 
t i o n  o f  imper fec t  knowledge a  number o f  r u l e s  may be used i n c l u d i n g  minimax 
techniques, random s e l e c t i o n ,  t h e  n lax imizat ion o f  t h e  presenl- va lue  o f  
t h e  expected f u t u r e  n e t  d i f f e r e n c e  between good and bads, e t c .  
Genera l ized system s i m u l a t i o n  models p rov ide  a r r a y s  o f  performance 
v a r i a b l e s  t h a t  can be used t o  m a s u r e  t h e  consequences o f  a l t e r n a t i v e  
4 ~ d d i  t o n a l  comments concern ing t h c  problems assoc ia ted  w i t h  es tab l  i sh- 
i n g  t h e  p r e c o n d i t i o n s  f o r  s e l e c t i n g  t h e  best  s e t  o f  s o l u t i o n s  t o  a  problem 
can be fourid i n  Manetsch, CT~-L., R-Gc_ncrt~l ized S imu la t ion  Approach $ 2  
A g r i c u l t u r a l  Ssc to r  A n a I y ~ i z ,  (Eas t  Lansing: Mich igan S t a t e  U n i v e r s i t y ,  
197 1 1 ,  pp. 17-70 and flos!.,mi I  l c r ,  f i - . ~ l _ .  , Korean Agr i cu l t u r a  l  Sec to r  Ana l  ys  i s 
and Rectxr~mendcd - -- Deve l O~J~IIC-!I~ ... Stra-teg~~+-,-j9_7_1_1rJ-~8~-, (Seou I  : Agr i cu l t u r a  l 
Economics flcsear-ch I  r ls t i l -u tc ,  East ILi~ns ing:  Mich igan S t a t e  U n i v e r s i t y ,  
1972, pp. 32--156. 
courses o f  a c t i o n .  The d i s c u s s i o n  o f  these a r r a y s  amongst i n t e r e s t e d  
p a r t i e s  a long  w i t h  f u r t h e r  model ing, o f t e n  leads t o  t h e  es tab l i shment  
o f  t h e  above preconditions f o r  dec ls ions .  
A f t e r  t h e  model has been used i t e r a t i v e l y  and i n t e r a c t i v e l y  t o  h e l p  
e s t a b l i s h  these p r e c o n d i t i o n s ,  it can be m o d i f i e d  and p laced  i n  an o p t i m i -  
z a t i o n  mode t o  a s s i s t  i n  l o c a t i n g  s o l u t i o n s  t o  t h e  problem. Such c a u t i o u s  
use and development o f  a  model i n  a  prob lem-solv ing process i s  f a r  
d i f f e r e n t  than  t h e  use o f  l i n e a r  programming, econometr ics  and o t h e r  
models which e i t h e r  maximize o r  assume maximiz ing behavior .  The premature 
use o f  such maximiz ing models s h o r t c u t s  t h e  impor tant  i t e r a t i v e ,  i n t e r a c t i v e  
process o f  i n v e s t i g a t i n g  t h e  problem and g e n e r a l l y  leads t o  a  c r e d i t a b i l i t y  
gap between researchers and d e c i s i o n  makers. 
I n  c r e a t i n g  models, two uses should be kep t  i n  mind. A model w i l l  
sometimes be used t o  rep resen t  t h e  phenomena which t a k e  p l a c e  i n  t h e  
domain o f  t h e  problem under i n v e s t i g a t i o n .  When opera ted  i n  t h i s  mode, a  
model i s  used t o  reproduce p a s t  a c t i v i t y ,  t o  desc r ibe  p resen t  a c t i v i t y ,  
a ~ ~ d  TO p r o j e c t  f u t u r e  a c t i v i t y  under t h e  assumption t h a t  a system i s  n o t  
s u b s t a n t i a l l y  mod i f i ed .  A second use o f  models i s  a  I 'desigri mode." I n  
t h i s  case, s u b s t a n t i a l  changes a r e  contemplated i n  a  r e a l - w o r l d  system 
c o n t a i n i n g  t h e  domain o f  t h e  problem under i n v e s t i g a t i o n .  The o b j e c t i v e  
i s  one o f  des ign ing  a new system which w i l l  so l ve  t h e  problem. Wi th  
respec t  t o  food and a g r i c u l t u r a l  problems, des ign a l t e r d t i o n s  o r  m o d i f i c a -  
t i o n s  i n c l u d e  changes i n  a g r i c u l t u r a l  technology, t h e  i n s t i t u t i o n a l  s t r u c t u r e  
o f  t h e  systems i n c l u d i n g  i n s t i t u t i o n s  f o r  iwplementing d i f f e r e n t  dec is ion -  
making r u l e s  and t h e  r e d i s t r i b u t i o n  o f  ownership r i g h t s  and p r i v i l e g e s ,  
e tc . ,  as w e l l  as changes i n  people themselves th rough  educa t ion  and 
i n c e n t i v e s  t o  i n f l u e n c e  t h e i r  p r o d u c t i v e  capac i t y ,  t h e i r  m o t i v a t i o n s  and 
t h e i r  l i k e s  and preferences.  I t  i s  impor tan t  t h a t  g l o b a l  models f o r  food 
and a g r i c u l t u r e  be capable o f  be ing used i n  t h e  des ign mode i f  t h e  many 
complex problems i n v o l v i n g  food and a g r i c u l t u r e  a r e  t o  be so lved i n  t h e  
decades ahead. 
Ob jec t i ves  f o r  a Food and A g r i c u l t u r a l  
Global Model ing Capaci ty  
Both shor t -  and long-term problems concerning a g r i c u l t u r e  a r e  now 
being considered by such bodies as t h e  World Food Counci l ,  FA0 and t h e  
m u l t i l a t e r a l  and b i l a t e r a l  donor agencies. T h e i r  shor t - te rm focus 
cen te rs  on where and i n  what magnitude food supply s h o r t f a l l s  a r e  l i k e l y  
t o  occur  i n  t h e  nex t  one t o  f i v e  years. The World Food Conference has 
recommended t h a t  an in fo rmat ion  g a t h e r i n g  and e a r l y  warning system be 
formulated i n  c o n j u n c t i o n  w i t h  a wor ld  food s tock  program t o  a s s i s t  
p o l i c y  makers i n  s e t t i n g  market and non-market p o l i c y  t o  dampen t h e  
e f f e c t s  o f  these shor t - te rm f l u c t u a t i o n s .  A model o f  such a food s tock  
program cou ld  p r o v i d e  p lanners and p o l i c y  makers w i t h  answers t o  a v a r i e t y  
o f  shor t - te rm quest ions such as:  ( 1 )  what should be t h e  s i z e  and com- 
p o s i t i o n  o f  a reserve, ( 2 )  how should a l l o c a t i o n s  f rom t h e  reserve be 
made, ( 3 )  where should t h e  reserve be held,  ( 4 )  should r e c i p i e n t s  purchase 
g r a i n  from t h e  reserve o r  should it be g iven  f ree,  (5) who should f i nance  
s to rage  and t r a n s p o r t a t i o n ,  and ( 6 )  should g r a i n  be purchased from t h e  
i n t e r n a t i o n a l  markets o r  should governments p lan  f o r  area expansions w i t h  
t h e  su rp lus  going i n t o  reserve.  
A s e t  o f  long-term quest ions r e l e v a n t  t o  problems w i t h  food 
and a g r a r i a n  dimerlsions deals  w i t h  t h e  food-populat ion balance over  a 
5 t o  20 year t i m e  hor izon.  These would have t o  be handled by mod i f ied  
ve rs ions  o f  t h e  model. Such vers ions  would have t o  deal w i t h  a wide 
a r r a y  o f  p lanning,  investment and p o l i c y  v a r i a b l e s  under t h e  d i s c r e t i o n a r y  
cont ro l  o f  nat ional  governments. For example, i f  70 percent o f  the world's 
populat lon I s  cu r ren t l y  a t  a subsistence level, what a re  the  t radeof fs  
between research e f f o r t s  d i rec ted toward c o n t r o l l i n g  populat ion growth 
versus technological innovation intended t o  increase food production. 
A model designed t o  answer such questions would provide valuable informa- 
t i o n  t o  decis ion makers i n  such areas as the a l l oca t i on  o f  monies f o r  
research and operat ional  programs, the  u t i l i z a t i o n  o f  the in ternat iona l  
technical  research centers (IRRI, CIAT, CIMMYT, IITA, e t c . )  and the  newly 
establ ished In ternat iona l  Food Po l icy  Research I n s t i t u t e .  With f u l l  
recogni t ion o f  the  d i s t i n c t i o n  between the short- and the long-term, a 
modeling capaci ty can be developed which w i l l  handle both. 
I n  1964 an eminent B r i t i s h  economist, Richard Stone.? predicted t h a t  
by 1984 a computable model o f  the  economy o f  any country i n  the  world 
covering tho major aspects o f  economic nnd socia l  l i f e  would be an 
establ ished p a r t  o f  the machinery o f  economic a c t i v i t y .  I n  1974, w i th  
ten years s l i l l  t o  go, we are capable o f  bu i ld ing  such general models 
and l i n k i n g  them together on a world scale. However, no s ing le  problem- 
so lv ing  model can be b u i l t  t o  solve a l l  the world's problems as each 
s p e c i f i c  problem has a more o r  less unique domain. I t  i s  a modeling 
capaci ty no t  model t h a t  i s  needed. To repeat, t h i s  impl ies components 
and a s tab le  o f  problem-oriented systems modelers t o  i n te rac t  w i t h  
decis ion makers i n  de f in ing  and so l v ing  spec i f i c  problems. The required 
modeling capaci ty must be f l e x i b l e  and adaptable enough t o  r e f l e c t  t he  
changes i n  d i f f e r e n t  real-wor ld systems. I n  addi t ion,  it must be adaptable 
t o  the  d i f f e r e n t  domains o f  changing problems. When the  solu't ion requires 
' ~ i c h a r d  Stone, "Computer Models o f  the Economy ,I1 Vol . I  I o f  The 
World i n  1984, ed. Nigel Calder ( 2  vols.; Balt imore: Penguin Books, 
- 
1964), p. 56. 
c r e a t i n g  a  new decision-making u n i t ,  t h e  model should be designed t o  f i n d  
a l t e r n a t i v e  ways o f  g e t t i n g  from t h e  present  s t r u c t u r e  t o  a  more d e s i r a b l e  
f u t u r e  c o n f i g u r a t i o n .  
Wi th  t h e  above i n  mind, t h e  o b j e c t i v e s  o f  developing a  general purpose 
model o f  food and a g r i c u l t u r e  as p a r t  o f  an a n a l y t i c a l  c a p a c i t y  m igh t  be 
as f o l  lows: 
1 )  t o  p r o j e c t  t h e  food-populat ion balance p o s i t i o n  g l o b a l l y  and f o r  
s e l e c t e d  regions and/or c o u n t r i e s  over  a  1-5 year  f u t u r e  t i m e  
hor  i zon, 
2)  t o  p r o j e c t  t h e  food p o p u l a t i o n  balance t rends  g l o b a l l y  and f o r  
se lec ted  regions and/or c o u n t r i e s  over  a  5-20 year  f u t u r e  t ime  
hor  i zon. 
3 )  t o  assess t h e  long- and shor t - run  consequences r e s u l t i n g  from 
t h e  i n t r o d u c t i o n  o f  new a l t e r n a t i v e  sub-systems w i t h i n  t h e  food- 
p o p u l a t i o n  model which focus on s p e c i f i c  problem domains, 
4 )  t o  assess t h e  consequences o f  a l t e r n a t i v e  n a t i o n a l  p o l i c y  o p t i o n s  
on t h e  e x i s t i n g  o r  a  s p e c i f i e d  g l o b a l  food and a g r i c u l t u r a l  system, and 
5) t o  assess and p r o j e c t  t h e  va r ious  inpu ts  r e q u i r e d  by t h e  wor ld  
a g r i c u l t u r a l  system under t h e  va r ious  se ts  o f  sub-systems and 
p o l i c i e s  se lec ted  above. 
A  Poss ib le  Model S t r u c t u r e  
As w i t h  any s i m p l i f i e d  represen ta t ion  o f  t h e  r e a l  world, a  general 
model o f  food and a g r i c u l t u r e  must be based on s e t s  o f  behav io ra l  assump- 
t i o n s .  One c h a r a c t e r i s t i c  which seems t o  be common amongst a l l  n a t l o n s  
i s  t h a t  n a t i o n s  adopt p o l i c i e s  concerning food p roduc t ion  and u t l l l z a t i o n  
which f o s t e r  t h e i r  own s e l f - i n t e r e s t s .  Extending t h i s  bas lc  premise t o  
i n c l u d e  d e s c r i p t i v e  in fo rmat ion  about t h e  values which i n f l u e n c e  a  
n a t i o n ' s  adop t ion  o r  r e j e c t i o n  o f  s p e c i f i c  p o l i c i e s  I s  one o f  t h e  t a s k s  
which must be done be fo re  an optimum s e t  o f  p o l i c i e s  can be designed. 
Though complete model ing o f  t h e  l i nkage  among these values and s p e c i f i c  
n a t i o n a l  food product ion,  supply  and u t i l i z a t i o n  p o l i c i e s  i s  probably  
impossible, p a r t i a l  modeling i s  r e q u i r e d  f o r  t h e  design, eventual  adop t ion  
and implementat ion o f  p o l i c i e s .  
P u b l i c  p o l i c i e s  a f f e c t  c o n s t e l l a t i o n s  o f  values through t h e i r  I n f l u e n c e  
over  human ac t ions .  I n  so doing, they p l a y  c r u c i a l  r o l e s  b o t h  a t  t h e  n a t i o n a l  
and i n t e r n a t i o n a l  l eve l  i n  de te rmin ing  t h e  outcomes o f  t h e  wor ld  food 
system. The model ing o f  such a  system must a l low f o r  t h e  i n c o r p o r a t i o n  
o f  a  v a r i e t y  o f  exogenously determined p o l i c y  va r iab les .  The r i s k  and 
u n c e r t a i n t y  assoc ia ted  w i t h  p o l i c y  dec is ions  o f t e n  make i t  d e s i r a b l e  f o r  
t h e  o u t p u t  generated by t h e  model t o  be p r o b a b i l i s t i c  r a t h e r  than d e t e r m i n i s t i c .  
The broad conceptual model presented below at tempts t o  u n i t e  t h e  l i nked  
s t r u c t u r a l  components which e x i s t  i n  t h e  wor ld  food and a g r i c u l t u r e  system 
w i t h  a  number o f  exogenously determined p o l i c y  components which a f f e c t  t h a t  
system. 
To develop t h e  s t r u c t u r e  o f  a  genera l  model capable o f  examining 
problems w i t h i n  t h e  wor ld  food-product ion system, severa l  bas ic  r e l a t i o n -  
sh ips  must be examined. Where s p e c i f i c  data and knowledge e x i s t s ,  these 
r e l a t i o n s h i p s  can be o f  a  causal nature.  Where data and i n f o r m a t i o n  i s  
n o t  a v a i l a b l e ,  p r e d i c t i v e  equat ions can be used. The i n i t i a l  concep tua l i -  
z a t i o n  o f  t h e  system must by necess i t y  re1 y  heavi l y  on t h e  more general ized 
i n t u i t i v e  and p r e d i c t i v e  r e l a t i o n s h i p s .  As design e f f o r t s  proceed t o  
second and t h i r d  generat ion at tempts,  a  conscious e f f o r t  should be made 
t o  i s o l a t e  t h e  more s i g n i f i c a n t  t r e n d  r e l a t i o n s h i p s  w i t h i n  t h e  system and 
t o  expand and a r t i c u l a t e  them i n  a  more causal mode. 
The bas ic  r e l a t i o n s h i p s  which a r e  incorporated i n  I h e  p resen t  con- 
c e p t u a l i z a t i o n  f a l l  a t  two leve ls .  A t  t h e  n a t i o n a l  l e v e l  these inc lude  
t h e  supply  and demand c o n d i t i o n s  surrounding t h e  p roduc t ion  and consumption 
o f  bas ic  food commodities and a  s e t  o f  account ing i d e n t i t i e s  which d e f i n e  
p o r t i o n s  o f  t h e  system s t r u c t u r e  i n  which t h e  bas ic  parameters a re  known. 
l h e y  a r e  designed t o  measure t h e  s t r u c t u r a l  response o f  i n t e r n a l  surp luses 
o r  d e f i c i t s  on i n t e r n a l  production and e x t e r n a l  f lows o f  commodities. 
A t  t h e  i n t e r n a t i o n a l  l eve l ,  t h e  components o f  t h e  system examine t h e  f low 
o f  key commodities between c o u n t r i e s  bol-h commercial ly and as  a i d .  I n  
a d d i t i o n ,  a  s e r i e s  o f  i n t e r n a t i o n a l  food balance accounts s i m i l a r  t o  those 
mainta ined a t  t h e  n a t i o n a l  l eve l  mon i to r  wor ld  food l e v e l s  and i n d i c a t e  
h i g h l y  aggregated l e v e l s  o f  p o l i c y  concern. A b lock  diagram d e p i c t i n g  
such a  f o r m u l a t i o n  i s  presented i n  F i g u r e  1. 
For s i m p l i c i t y ,  n e i t h e r  t h e  diagram nor  t h e  explanatory remarks which 
f o l l o w  address t h e  ques t ion  o f  r e g i o n a l  food balances. The importance o f  
t h i s  l e v c l  o f  aggregat ion as a t t e s t e d  by t h e  impact o f  t h e  a g r i c u l t u r a l  
p o l i c i e s  o f  t h e  European Common Market cannot be d iscounted and can e a s i l y  
be incorpora ted  i n t o  t h e  p resen t  model s t r u c t u r e  w i t h  a  minimum o f  a d d i t i o n a l  
e f f o r t .  
The supply  o f  a g r i c u l t u r a l  commodities a t  t h e  n a t i o n a l  leve l  i s  
a  f u n c t i o n  o f  t h e  food s u p p l i e s  generated i n t e r n a l l y  through present  o r  
pas t  domestic p roduc t ion  w i t h  p o s s i b l e  supplementat ion by commodities 
imported v i a  commercial purchases and/or  food a i d .  Under normal c o n d i t i o n s ,  
t h e  vas t  m a j o r i t y  o f  a g r i c u l t u r a l  commodities ava i  l a b l e  f o r  i n t e r n a l  
consumption w i l l  be generated by domestic food p roduc t ion .  I n  most coun t r ies ,  
data r e s t r i c t i o n s  w i l l  r e q u i r e  t h e  use o f  a  s imple y i e l d  m u l t i p l i e d  by area 
e s t i m a t i n g  procedure t o  a r r i v e  a t  est imates o f  y e a r l y  commodity p roduc t ion .  
Whenever more s o p h i s t i c a t e d  methods have been developed a t  t h e  n a t i o n a l  
l eve l ,  these should be used t o  rep lace  t h e  more s i m p l i f i e d  y i e l d  and area 
fo rmu la t ions .  

Over t ime  domestic o u t p u t  o f  a g r i c u l t u r a l  c o m d i t i e s  increases as 
t h e  a g r i c u l t u r a l  land base increases o r  as y i e l d s  improve. Change i n  
t l l l a b l e  area depends on t h r e e  components: t h e  r a t e  a t  which m u l t i p l e  
c ropp ing  p r a c t i c e s  a r e  incorpora ted  i n t o  t h e  a g r i c u l t u r a l  p roduc t ion  
system, t h e  r a t e  o f  f l ow o f  p u b l i c  and/or p r i v a t e  c a p i t a l  investment 
committed by i n t e r n a t i o n a l  and i n t e r n a l  sources t o  land and water  develop- 
ment projects,and t h e  r a t e  a t  which a g r i c u l t u r a l  lands a r e  being conver ted 
t o  nonfarm uses due t o  t h e  increased demand generated by urban expansion. 
The development o f  e s t i m a t i n g  procedures t o  p r e d i c t  changes i n  y i e l d s  
pose a  much more complex problem Than those associated w i t h  es t imates  o f  
t i l l a b l e  area. Both t h e  v a r i e t y  and i n t e n s i t y  o f  f a c t o r s  rang ing  from 
s p e c i a l i z e d  research, t o  improved farm management p rac t i ces ,  t o  improved 
seed d i s t r i b u t i o n  systems a l l  have some e f f e c t  on y i e l d .  The leve l  o f  
involvement which a  p a r t i c u l a r  n a t i o n  undertakes i n  p r o v i d i n g  these f a c t o r s  
I s  dependent upon t h e  divergence between ac tua l  food p r o d u c t i o n  l e v e l s  and 
n a t i o n a l  food p roduc t ion  goals .  The g r e a t e r  t h e  divergence, t h e  g r e a t e r  
t h e  e f f o r t  t o  p rov ide  programs d i r e c t e d  toward improving i n t e r n a l  y i e l d s .  
Funds f o r  such programs may be generated e i t h e r  a t  t h e  n a t i o n a l  o r  i n t e r -  
n a t i o n a l  l e v e l .  Involvement o f  i n t e r n a t i o n a l  o r g a n i z a t i o n s  i n  t h e  fund ing  
o f  such programs increases as t h e  d ivergence between ac tua l  wor ld  food 
p r o d u c t i o n  l e v e l s  and those necessary t o  ma in ta in  t h e  e x i s t i n g  wor ld  
p o p u l a t i o n  increases. 
The l e v e l  o f  I n t e r n a l  demand f o r  food I n  any g iven  c o u n t r y  I s  
d i r e c t l y  r e l a t e d  t o  t h e  s i z e  o f  t h e  popu la t ion  and t h e  l e v e l  o f  per  c a p i t a  
Income a v a i l a b l e  f o r  food purchases. I n  p u r e l y  phys ica l  terms, as t h e  
p o p u l a t i o n  o f  a  g iven  coun t ry  increases, the  amount o f  food r e q u i r e d  t o  
m a i n t a i n  it a l s o  expands. The r a t e  o f  p o p u l a t i o n  growth i s  in f luenced  
by two bas ic  f a c t o r s :  t h e  n a t u r a l  b i r t h  r a t e  and t h e  n a t u r a l  death r a t e .  
I n  t h i s  i n i t i a l  fo rmu la t ion ,  n e t  m i g r a t i o n  r a t e s  a r e  n o t  inc luded under 
t h e  assumption t h a t  t h e y  do n o t  p l a y  a  c r u c i a l  r o l e  i n  de te rmin ing  a  
c o u n t r y ' s  p o p u l a t i o n  l e v e l .  Such an assumption may need t o  be r e v i s e d  
I n  subsequent des ign rounds on a  nat ion-by-nat ion bas is .  
With respec t  t o  b i r t h  ra tes ,  e m p i r i c a l  evidence c o l l e c t e d  i n  bo th  
developed and developing n a t i o n s  tends t o  i n d i c a t e  a  h i g h  c o r r e l a t i o n  
between inc reas ing  per  c a p i t a  income l e v e l s  and decreases i n  t h e  n a t u r a l  
b i r t h  r a t e .  The r a t e  o f  d e c l i n e  i n  b i r t h  rates, a l though  h i g h l y  dependent 
upon income,is a l s o  assumed t o  be dependent upon t h e  i n t e n s i t y  o f  b i r t h  
c o n t r o l  se rv ices .  The leve l  and i n t e n s i t y  o f  b i r t h  c o n t r o l  p o l i c i e s  a t  
t h e  n a t i o n a l  l eve l  i s  i n f luenced  by t h e  degree o f  cons is tency  these  
p o l i c i e s  have w i t h  i n t e r n a l  s o c i a l  and p o l i t i c a l  c o n d i t i o n s  and t h e  leve l  
o f  l n t e r n a t i o n s l  suppor t  made a v a i l a b l e  f o r  such p o l i c i e s .  The g r e a t e r  
t h e  d ivergence between food p roduc t ion  and consumption, t h e  g r e a t e r  w l l l  be 
t h e  suppor t  f o r  b i r t h  c o n t r o l  p o l i c i e s .  I n t e r n a l  f i n a n c i a l  suppor t  f o r  
such programs pay be acqui red by s h i f t i n g  funds away from p u b l i c  h e a l t h  
programs t o  n a t i o n a l  b i r t h  c o n t r o l  programs. The i n t e n s i t y  o f  such 
programs w i l l  have a  t w o f o l d  e f f e c t  on t h e  b i r t h  r a t e  i n  any g iven  coun t ry .  
F i r s t ,  it w i l l  lower t h e  p o i n t  on t h e  per  c a p i t a  income s c a l e  where a  
d e c l i n e  i n  t h e  b i r t h  r a t e  begins; and second, t h e  h i g h e r  I h e  l e v e l  o f  
such programs, t h e  g r e a t e r  w i l l  be t h e  r a t e  o f  d e c l i n e .  
As improved medical technology has becorne a v a i l a b l e  t o  a  g r e a t e r  
number o f  people, t h e  o v e r a l l  death r a t e  throughout  t h e  wor ld  has dropped. 
I t  i s  assumed t h a t  as per c a p i t a  income increases, t h e  supply  and i n t e n s i t y  
o f  p u b l i c  h e a l t h  s e r v i c e s  w i l l  a l s o  increase. Increases i n  these  s e r v i c e s  
may be a f f e c t e d  by i n t e r n a l  and/or e x t e r n a l  suppor t  o f  b i r t h  c o n t r o l  
programs. The d e c l i n e  i n  t h e  o v e r a l l  death r a t e  generated by increased 
p u b l i c  h e a l t h  s e r v i c e s  i s  expected t o  be p a r t i a l l y  counteracted i f  a  
d e c l i n e  i n  t h e  genera l  l eve l  o f  n u t r i t i o n  occurs. Th is  concept i s  
incorpora ted  i n t o  t h e  model through t h e  c a l c u l a t i o n  o f  an endogenously 
determined s t a r v a t i o n  ra te .  T h i s  r a t e  i s  dependent upon a  number o f  
f a c t o r s  such as t h e  minimum n u t r i t i o n a l  l e v e l  r e q u i r e d  t o  ma in ta in  
s u r v i v a l ,  t h e  amount o f  food a v a i l a b l e  f o r  consumption measured i n  
c a l o r i e s  2nd p r o t e i n ,  t h e  p r i c e  o f  food measured i n  d o l l a r s  per  c a l o r i e s  
and p r o t e i n ,  t h e  o v e r a l l  income d i s t r i b u t i o n ,  and t h e  urban ru ra l -popu la -  
t i o n  d i s t r i b u t i o n .  Such a  f o r m u l a t i o n  assumes t h a t  as t h e  p r i c e  o f  food 
increases, persons i n  t h e  lower income groups w i l l  exper ience a  g r e a t e r  
d e c l i n e  i n  t h e i r  e f f e c t i v e  demand f o r  food than those i n  t h e  h igher  income 
groups. Th is  d e c l i n e  w i l l  be unevenly d i s t r i b u t e d  across lower income 
groups r a i t h  respec t  l o  l o c a t i o n .  Some l i v i n g  i n  urban areas w i  l  l m i g r a t e  
back t o  r u r a l  areas where food w i l l  be more p l e n t i f u l ,  w h i l e  o t h e r s  w i t h  
r u r a l  t i e s  w i l l  be a b l e  t o  augment t h e i r  d e c l i n i n g  n u t r i t i o n a l  l eve l  w i t h  
food "a id "  packages s o l  i c i t e d  from r u r a l  donors. Others who cannot m i g r a t e  
and have no r u r a l  t i e s  w i l l  be ext remely vu lnerab le  and w i l l  be fo rced  t o  
accept n u t r i t i o n a l  l e v e l s  below those r e q u i r e d  f o r  subsis tence.  Thus, 
t h e  death r a t e  amongst t h e  urban poor and e s p e c i a l l y  t h e  c h i l d r e n  o f  t h e  
urban poor w i l l  be more s e n s i t i v e  t o  changes i n  p r i c e  than  t h a t  o f  upper 
and lower r u r a l  income groups and upper urban income groups. 
Na t iona l  p o l i c i e s  govern ing b i r t h  c o n t r o l ,  p u b l i c  hea l th ,  i n t e r n a l  
c rop  p roduc t ion ,  and i n t e r n a l  p u b l i c  investment a re  c l o s e l y  l i n k e d  t o  a  
n a t i o n ' s  food balance s i t u a t i o n .  I n  su rp lus  producing c o u n t r i e s  t h e  food 
a l l o c a t i v e  dec is ions  a r e  made on t h e  b a s i s  o f  m a i n t a i n i n g  acceptable 
domestic p r i ces ,  t h e  use o f  a f i x e d  budget f o r  food a id,  and t he  ex ten t  
o f  pressure f o r  conrnercial expor ts .  I n  d e f i c i t  producing coun t r l es  these 
dec is ions  depend on acceptable domestic p r i ces ,  pressures on f o re i gn  
exchange, which may be used f o r  food impor ta t ion  and on a b i l i t y  t o  a t t r a c t  
food a i d .  
The model de f ines  and m n i t o r s  t h e  dynamics o f  t h e  food-populat ion 
s i t u a t i o n  i n  bo th  d e f i c i t  and surp lus  na t i ons  through t h e  employment o f  
a  food balance account. Th i s  account ing mechanism which formulates t h e  
s t r u c t u r e  o f  t h e  system prov ides two bas i c  types o f  s t a t i s t i c s ,  one which 
measures t h e  abso lu te  leve l  o f  food being consumed i n  a coun t ry  du r i ng  any 
g iven  t ime  period, and one which measures t h e  level  o f  food s e l f - s u f f i c i e n c y  
as  i nd i ca ted  by a p o s i t i v e  o r  nega t l ve  balance. When a na t i on  compares 
I n t e r n a l  p roduc t ion  w i t h  i n t e r n a l  consumption and a r r i v e s  a t  a negat i ve  
balance, a number o f  p o l i c y  op t i ons  a r e  ava i lab le .  I t  may choose t o  adopt 
p o l i c i e s  which f o s t e r  i n t e r n a l  homgene l ty  ( equ i t y )  by supplementing i n t e r -  
nal  s tocks w i t h  commercial imports, imported food a i d  o r  a combination o f  
both. Such pol . i c ies  t r a n s f e r  r e a l  income through t h e i r  downward pressure 
on p r i ce .  Commercial imports a r e  cons t ra ined  by t h e  l eve l  o f  f o r e i g n  
reserves he ld  by t h e  coun t ry  and t h e  p o l i c i e s  governlng those f o re i gn  
reserves. Nat ions which es t imate  t h a t  they a r e  unable t o  erase negat i ve  
food balances v i a  p a r t i c i p a t i o n  i n  t h e  wor ld  market because o f  f o r e i g n  
reserve balance c o n t r a i n t s  may t u r n  t o  imported food a i d  as a supplemental 
source o f  food suppl ies.  'The amount o f  such a i d  w i l l  depend on t h e  food 
a i d  p o l i c i e s  p resen t l y  he ld  by t h e  n a i i o n  and pas t  a l l i a n c e s  which have 
been forged w i t h  food surp lus  nat ions.  
A second se t  o f  po l i cy  opt ions which fos ter  the concept o f  nat ional  
heterogeneity ( s tab i  l  i t y )  fa  l  l  s  under the general term o f  triage.6 Nations 
may e x p l i c i t l y  o r  i m p l i c i t l y  maintain a negative food balance by not aug- 
menting in terna l  production w i th  imports and al lowing comnodity d i s t r i b u -  
t i o n  t o  proceed v ia  domestic market p r i ce  o r  i n s t i t u t i o n a l  regulat ions.  
Under such p o l i c i e s  the  incidence o f  death due t o  s ta rva t i on  and re la ted 
i l lnesses increases, foreign reserve balances are  maintained f o r  use i n  
purchasing a l t e r n a t i v e  imports, and the level o f  soc ia l  and p o l i t i c a l  un- 
r e s t  general ly  r i ses .  Po l i c i es  o f  t h i s  nature are not  so le l y  l im i ted  t o  
d e f i c i t  nat ions but  may be fol lowed by food surplus nat ions through 
p o l i c i e s  which l i m i t  food a i d  o r  by in ternat iona l  organizat ions through 
p o l i c i e s  which l i m i t  research and investment funds. I n  the  long run 
nat ions t h a t  have experienced i n i t i a l  negative food balances, ( i n te rna l  
production less than consumption) w i l l  be moved by the  need f o r  p o l i t i c a l  
s t a b i l i t y  and food se l f -su f f i c iency  t o  i n s t i t u t e  o r  increase the level o f  
In terna l  programs t o  remedy the  food balance s i t ua t i on .  Such programs 
may take the  form o f  increased governmental expenditures i n  areas such as 
b i r t h  cont ro l ,  improved a g r i c u l t u r a l  f ac to r  supplies, and pub l i c  invest-  
ment i n  a g r i c u l t u r a l  in f ras t ruc ture .  The linkages between these p o l i c i e s  
and t h e i r  e f f ec t  on heterogeneity, homogeneity, equity, and s t a b i l i t y  
w i t h in  nations i s  a c r i t i c a l  issue which must be a r t i cu la ted  i n  depth i n  
f u t u r e  modeling rounds. 
6. The concept o f  triage was f i r s t  used t o  describe the  so r t i ng  process 
used I n  t r e a t i n g  wounded sold iers.  F i r s t  p r i o r i t y  went t o  those who were 
able t o  re tu rn  t o  bat t le ,  second t o  those who were t o  be excavated and l a s t  
p r i o r i t y  t o  those f a t a l l y  wounded. In  t he  context  o f  t he  world food s i tua-  
t ion ,  it re fe rs  t o  the  so r t i ng  o f  nat ional  population groups o r  nat ions v i a  
p o l i c y  design o r  ru les  o f  status quo. An exce l len t  example o f  the  implica- 
t l o n s  o f  t he  concept i n  t h i s  context  i s  found i n  Gar re t t  Hardin, "L i feboat 
Ethics, the  Case Against Helping the  Poor," Psycholoqy Today, 9 (September 
19741, 38. 
I f  a  n a t i o n  experiences a  p o s i t i v e  food balance s i t u a t i o n  ( i n t e r n a l  
p roduc t ion  g r e a t e r  than consumption), excess supply may s imul taneously  
f low t o  t h r e e  d e s t i n a t i o n s .  P a r t  may be used t o  augment i n t e r n a l  food 
reserves which a r e  used by t h e  n a t i o n  t o  c o n t r o l  i t s  own i n t e r n a l  p r i c e  
s t r u c t u r e  and t o  guard aga ins t  f u t u r e  cont ingencies.  The remainder o f  t h e  
su rp lus  w i l l  be so ld,  i f  poss ib le ,  on t h e  i n t e r n a t i o n a l  market.  Such 
surp luses f low t o  na t ions  who a r e  w i l l i n g  and a b l e  t o  pay t h e  going market 
p r i c e .  Sale o f  such commodities cont inues u n t i l  t h e  p r i c e  received f o r  
t h e  commodities i s  equal t o  t h e  c o s t  o f  p roduc t ion  p l u s  t h e  c o s t  o f  s t o r i n g  
t h e  excess supp l ies .  Both p roduc t ion  and storage cos ts  a r e  assumed t o  be 
h i g h l y  con t ingen t  upon t h e  mix o f  e x p o r t  p o l i c i e s  adopted by t h e  su rp lus  
na t ion .  I f  a  p o s i t i v e  food balance remains a f t e r  t h e  demands o f  i n t e r n a l  
food s t o r e s  and commercial expor ts  a r e  s a t i s f i e d ,  t h e  remaining s tocks  
w i l l  be h e l d  i n  carry-over  s tores.  Such s to res  a r e  t h e  major source o f  
food a i d  prov ided by t h e  su rp lus  na t ion .  The g r e a t e r  t h e  l e v e l  o f  such 
s tores,  t h e  g r e a t e r  t h e  h o l d i n g  c o s t s  and t h e  more agreeable a  su rp lus  
n a t i o n  i s  i n  p r o v i d i n g  food a id .  I n  a d d i t i o n ,  t h e  g r e a t e r  t h e  l e v e l  o f  
these i n t e r n a l  s tores,  t h e  g r e a t e r  t h e  n a t i o n ' s  involvement i n  i n t e r n a l  
crop p roduc t ion  p o l i c i e s  and i n t e r n a l  p u b l i c  investment dec is ions  aimed 
a t  l i m i t i n g  excess supply. The movement o f  food from these  s t o r e s  i n  t h e  
form o f  food a i d  and t h e  des igna t ion  o f  t h e  r e c i p i e n t s  o f  such a i d  w i l l  
depend on t h e  f o r e i g n  a i d  p o l i c i e s  o f  t h e  donor na t ion .  Such p o l i c i e s  a r e  
c o n t i n g e n t  upon t h e  leve l  o f  food a i d  earmarked f o r  p a r t i c u l a r  c o u n t r i e s  
I n  t h e  pas t  and t h e  degree o f  t h e  nega t i ve  food balance e x h i b i t e d  by a  
g iven  d e f i c i t  n a t i o n .  
I n t e r n a t i o n a l  food balance accounts s i m i l a r  t o  those  developed a t  t h e  
n a t i o n a l  l e v e l  w i l l  be generated by comparing t h e  i n t e r n a t i o n a l  supply  
w i t h  t h e  I n t e r n a t i o n a l  demand f o r  food. Such a  system o f  equat ions which 
d e f i n e s  t h e  wor ld  food system should be formulated t o  examine t h e  concepts 
o f  homogeneity, heterogenei ty ,  e q u i t y ,  and s t a b i l i t y  a t  t h e  i n t e r n a t i o n a l  
l e v e l .  W i t h i n  t h i s  s t r u c t u r a l  component t h e  i n t e r n a t i o n a l  supply o f  food 
i s  assumed t o  be dependent upon the  l e v e l  o f  food a i d  and commercial e x p o r t  
which occurs d u r i n g  any g iven  t ime per iod .  The i n t e r n a t i o n a l  demand f o r  
food, i n  t u r n ,  i s  dependent upon t h e  l e v e l  o f  commercial impor ts  and imported 
food a i d  requ i red  by d e f i c i t  na t ions  d u r i n g  any g iven  t i m e  per iod .  The 
i n t e r n a t i o n a l  food balance account compares t h e  i n t e r n a t i o n a l  p roduc t ion  
w i t h  i n t e r n a t i o n a l  consumption t o  a r r i v e  a t  an index o f  t h e  i n t e r n a t i o n a l  
food s i t u a t i o n .  I f  wor ld  food consumption exceeds wor ld  food product ion,  
it i s  assumed t h a t  i n t e r n a t i o n a l  o r g a n i z a t i o n s  such as FAO, t h e  Ford 
Foundation. e tc . ,  w i l l  be encouraged t o  p rov ide  e i t h e r  u n i f o r m  o r  s e l e c t i v e  
suppor t  f o r  programs which w i l l  a f f e c t  t h e  b i r t h  c o n t r o l  and p u b l i c  h e a l t h  
p o l i c i e s  o f  se lec ted  food d e f i c i t  n a t i o n s  and programs which w i l l  funnel 
t e c h n i c a l  and f i n a n c i a l  ass is tance  i n t o  i n t e r n a t i o n a l  p u b l i c  investment 
and c rop  p roduc t ion  programs. I n  a d d i t i o n ,  by simply summing i n t e r n a t i o n a l '  
and i n t e r n a l  p roduc t ion  and consumption f o r  va r ious  commodities across a l l  
na t ions ,  t h e  i n t e r n a t i o n a l  food balance account w i l l  be a b l e  t o  p rov ide  
a  p i c t u r e  o f  t h e  abso lu te  leve l  o f  wor ld  food supp l ies .  
I n  t h e  model t h e  food balance account ing mechanism must begin and end 
each t i m e  p e r i o d  a t  zero. Nat ions which experience p o s i t i v e  balances w i l l  
move toward a  ze ro  balance by d e p l e t i n g  excess supp l ies  through commercial 
expor ts ,  a l l o c a t i o n s  o f  food t o  i n t e r n a l  reserves, and through t h e  c r e a t i o n  
o f  ca r ry -over  s tocks  which may o r  may n o t  be used f o r  food a i d .  Na t ions  
whlch exper ience nega t i ve  balances may choose t o  augment i n t e r n a l  d e f i c i t s  
v i a  commercial purchases. food a i d  o r  t o  f o l l o w  a  p o l i c y  o f  triage. The 
ex is tence  o f  nega t i ve  balances w i l l  r e s u l t  i n  deaths due t o  s t a r v a t i o n .  
These deaths generate a  decrease i n  food consumption which w i l l  re tu rn  the  
balance t o  zero. 
I t  has become evident  t h a t  nat ional  and in ternat iona l  p o l i c i e s  are 
extremely important i n  t he  conceptualization o f  t he  world food system. 
The above descr ip t ion  has re fer red t o  a  number o f  po l i cy  sets which might 
be used t o  a f f e c t  change i n  various system components. These sets o f  
p o l i c i e s  have included such items as pub l ic  b i r t h  cont ro l  and hea l th  
po l i c i es ,  in ternat iona l  and in terna l  pub l ic  investment po l ic ies ,  i n t e r -  
nat ional  research investments and in terna l  crop production po l ic ies ,  
in terna l  market cont ro l  po l i c i es ,  commercial export po l ic ies ,  fo re ign  
a id  p o l i c i e s  and food reserve p o l i c i e s  both i n  the  food d e f i c i t  and food 
surplus nations. 
Toward a  Model ing Capacity 
The model ou t l i ned  above has been conceptualized a t  a  ra the r  aggregated 
level  r e l a t i v e  t o  t he  d e t a i l  required t o  make it operat ional .  The modeling 
job impl ied i s  much larger and more complex than mlght appear i n  Flgure 1. 
To develop an operationally useful model, both a  modeling and an ana l y t i ca l  
capaci ty a re  required. The steps requlred t o  b u i l d  a  capaci ty f o r  modeling 
and analyzing t o  solve problems are ne i ther  obvious nor easy. Several 
necessary components, however, can be i den t l f l ed .  F i r s t ,  i s  a  core team 
composed o f  t r a ined  d i sc ip l i na r i ans  w i t h  an affinity, an a b l l i t y ,  and a  
w l l l lngness t o  work as members o f  a  group. The baslc s t ruc tu re  o f  t h e  team 
should include systems sc ien t i s t s ,  economists, and a g r i c u l t u r a l i s t s .  Addi t ional  
support, as needed, would be provlded by demographers, soc io log is ts ,  p o l l t i c a l  
sc ien t i s t s ,  pub l i c  administrators, and a  broader range o f  agricultural 
technical  sc ien t i s t s .  I t s  s t ruc ture  and locat ion  should f a c i l i t a t e  
linkages t o  decision-makers and t o  support u n i t s  necessary f o r  i t s  
func t ion ing .  I n t e r n a l  o r g a n i z a t i o n  should be conceived and designed t o  
f a c i l i t a t e  bo th  model development and problem ana lys is .  
Major  suppor t  u n i t s  i n c l u d i n g  a computer and l i b r a r y  system should 
be developed. The computer system inc ludes bo th  hardware and a growing 
l i b r a r y  o f  so f tware  r o u t i n e s  and components usable by, and i n  many in-  
stances developed by, t h e  m u l t i d i s c i p l i n a r y  team. A c e n t r a l l y  located 
data bank and in fo rmat ion  system pertinent t o  wor ld  food and a g r i c u l t u r e  
should be developed i n  such a way as t o  insure  easy r e t r i e v a l  and updating. 
( n  t h e  i n i t i a l  model ing phase, major data sources would inc lude  o r g a n i z a t i o n s  
such as FAO, USDA, and t h e  Popu la t ion  Counci l .  I n  more s o p h i s t i c a t e d  
model ing rounds, a  g r e a t e r  and g r e a t e r  amount o f  i n d i v i d u a l  coun t ry  data 
would be necessary. A t  t h i s  p o i n t ,  an a b i l i t y  t o  t a p  i n t o  coun t ry - leve l  
data a c q u i s i t i o n  systems and t o  work w i t h  coun t ry - leve l  a n a l y s t s  would be 
c r u c i a l .  
I t  i s  obv ious t h a t  t h e  u l t i m a t e  scope o f  t h e  work o u t l i n e d  i n  t h i s  
paper i s  f a r  g r e a t e r  than migh t  be presumed a t  f i r s t  glance. A t r u l y  
Herculean e f f o r t  i s  r e q u i r e d  t o  accomplish t h e  t a s k  i n  t h e  d e t a i l  r e q u i r e d  
by t h e  problems a t  hand. A b u i l d i n g  b l o c k  approach i s  imperat ive.  And 
phasing i s  requ i red .  The f i r s t  phase i s  t o  concep tua l i ze  and b u i l d  a 
g loba l  food and a g r i c u l t u r e  system model based on n a t i o n a l  components 
and t h e  a p p r o p r l a t e  l inkages a t  t h e  i n t e r n a t i o n a l  l eve l .  T h i s  w i l l  lead 
t o  a second phase i n  which l i nkage  w i t h  i n d i v i d u a l  n a t i o n a l  research and 
declslon-making bodies I s  accomplished f o r  more d e t a i l e d  c o n c e p t u a l i z a t i o n  
and more s o p h i s t i c a t e d  model ing on a nat ion-by-nat ion bas is .  In tense 
model development w i l l  l i k e l y  be r e q u i r e d  over  a t  l e a s t  a  10-year per iod,  
w i t h  institutionalization i n t o  t h e  d e c i s i o n  s t r u c t u r e  a t  n a t i o n a l  and 
i n t e r n a t i o n a l  l e v e l s  becoming an impor tant  a c t i v i t y  i n  t h e  l a t e r  h a l f  o f  
t h e  per iod .  The model components should be viewed as c a p i t a l  s tock  t o  
be used, adapted, and updated f o r  cont inued a n a l y s i s  f o r  many years i n t o  
t h e  f u t u r e .  As one s e t  o f  problems i s  solved, o t h e r s  w i l l  emerge r e q u i r i n g  
a n a l y s i s  and s o l u t i o n .  Only a  major i n t e r n a t i o n a l  coopera t i ve  endeavor 
w i l l  be a b l e  t o  i n s t i t u t i o n a l i z e  t h e  model ing capac i t y  and develop t h e  
a p p r o p r i a t e  models t o  meet present  and f u t u r e  chal lenges.  The c l o c k  i s  
running.  I t  i s  t ime  t o  begin. 
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Model l ing Food Produc t ion :  
An Attempt t o  Assess  Var ious  ~ p ~ r o a c h e s ~  
Adolf Weber 
ABSTRACT 
The f i r s t  p a r t  o f  t h e  paper  g i v e s  a n  overview of  how d i f f e r e n t  d i s c i -  
p l i n e s  t r y  t o  r e l a t e ,  and model food p roduc t ion .  The main emphasis i s  n o t  
s o  much on fo rma l  p r o p e r t i e s  of  g l o b a l  models,  b u t  r a t h e r  on  comparing and 
c o n t r a s t i n g  d i f f e r e n t  approaches ,  i n  o r d e r  t o  b e  a b l e  t o  b e t t e r  a s s e s s  t h e i r  
p o t e n t i a l i t i e s  and p o s s i b l e  l i m i t a t i o n s  f o r  f u r t h e r  work. 
The second p a r t  p r e s e n t s  a c r o s s - s e c t i o n  a n a l y s i s  of  p o p u l a t i o n  d e n s i t y ,  
p r e v a i l i n g  p r o t e i n  consumption p a t t e r n ,  f e r t i l i z e r  i n p u t  and income p e r  u n i t  
o f  l a n d  f o r  more than  100 c o u n t r i e s .  
I n  t h e  t h i r d  and f i n a l  s e c t i o n ,  some c o n c l u s i o n s  a r e  drawn from t h e  
g r a p h i c  a n a l y s i s  of p a r t  two w i t h  r e g a r d  t o  f u r t h e r  developments ,  i n  par-  
t i c u l a r  by comparing t h e  F e d e r a l  Republ ic  of  Germany and Kenya. The a u t h o r  
conc ludes  t h a t  it i s  a b s o l u t e l y  e s s e n t i a l  t h a t  consumption of  f e r t i l i z e r  and 
complementary i n p u t s  i n  Kenya be  i n c r e a s e d  f a s t e r  t h a n  t h e  demand caused by 
p o p u l a t i o n  and by income growth. Every economic and r e s e a r c h  p o l i c y  t h a t  
r educes  t h e  r e a l  p r i c e  of  energy w i l l ,  o f  c o u r s e ,  h e l p  t o  i n c r e a s e  food 
p r o d u c t i o n  p e r  c a p i t a .  Less  e n e r g y - i n t e n s i v e  p r o d u c t i o n  methods should  be 
r e s e a r c h e d  a s  m a t t e r s  of g r e a t  urgency.  Success  w i l l  e a s e  and remove some 
o f  t h e  p r e s s u r e s  e x e r t e d  by h i g h  energy p r i c e s .  I n  t h e  a u t h o r ' s  view, how- 
e v e r ,  a h i g h e r  growth r a t e  i n  food p roduc t ion  w i l l  most l i k e l y  r e s u l t  from 
a n  expansion of  t h e  u s e  of ene rgy- in t ens ive  t e c h n o l o g i e s .  Man's p r o g r e s s  i n  
s c i e n c e  and t h e  con t inued  s e a r c h  f o r  ways t o  e x p l o i t  t h e  i n h e r i t e d  b u t  l i m i t e d  
ene rgy  c a p i t a l  a r e  t h e  weapons f o r  winning t h e  b a t t l e  a g a i n s t  hunger ,  malnu- 
t r i t i o n  and a s s o c i a t e d  problems. 
tTo be  p u b l i s h e d  i n  t h e  Eastern Africa Journal of Rural Development. 

D i s c u s s i o n  
Bottomley r e f e r r e d  t o  t h e  s u g g e s t i o n  by R o s s m i l l e r ,  suppor t ed  by Weber, 
and by t h e  chai rman of t h e  c o u n c i l ,  namely t o  s e t  up  a  s y s t e m a t i c  d a t a  bank 
i n  t h i s  f i e l d .  He cons ide red  t h i s  s u g g e s t i o n  i m p o r t a n t ,  and wished t o  f o r -  
m a l i z e  i t  a l o n g  t h e  f o l l o w i n g  l i n e s .  He proposed t h a t  IIASA t r y  t o  p r o v i d e  
t h e  fo l lowing :  
1 )  Computer o r  i n f o r m a t i o n  s c i e n t i s t s ,  f o r  a  p e r i o d  of t h r e e  y e a r s ,  who 
migh t  i n i t i a l l y  work o n l y  p a r t  t ime.  F u l l  t ime employment might  c o s t  
up  t o  $100,000 which would r e q u i r e  a  f o u n d a t i o n ;  p a r t  t ime  s e r v i c e  could  
i n v o l v e  a n  e x i s t i n g  IIASA s t a f f  member, which migh t  b e  more a p p r o p r i a t e .  
2)  A l i b r a r y  o f  computer t a p e s  a p p r o p r i a t e  t o  wor ld  model ing  t h a t  i nc luded  
n o t  o n l y  a g r i c u l t u r a l  model ing ,  b u t  a l s o  wor ld  model ing  i n  g e n e r a l ;  t h e  
d a t a  p rov ided  cou ld  b e  o b t a i n e d  by m a i l  o r  by  computer network. 
3 )  The computer s c i e n t i s t s  ment ioned under  1 )  above shou ld  t r y  t o  pe r suade  
d i f f e r e n t  model ing  groups  t o  p r o v i d e  t a i l o r -made  i n f o r m a t i o n  t o  o t h e r  
g roups .  T h i s  cou ld  r e s u l t  i n  a  mu tua l  exchange o f  s e r v i c e s  among par-  
t i c i p a t i n g  g roups .  Once a  IIASA d a t a  bank i s  c r e a t e d ,  a l l  c o n t r i b u t o r s  
of t h e  bank should  t r y  and b u i l d  up c r e d i t  by p r o v i d i n g  i n f o r m a t i o n ,  i f  
n e c e s s a r y  ta i lor -made.  The d a t a  bank w i l l  be  a s  good a s  i t s  c o n t r i -  
b u t i o n s .  
R o s s m i l l e r  suppor t ed  t h e  i d e a ;  however,  h e  sugges t ed  t h a t  i t  be  con-. 
s i d e r e d  a  p a r t  t ime  v e n t u r e .  To keep t h e  s o f t w a r e  packages  upda ted  and t o  
keep t h e  d a t a  bank c u r r e n t  r e q u i r e s  a  s u b s t a n t i a l  s t a f f  and s u p p o r t i n g  
o r g a n i z a t i o n  a s  w e l l  a s  much p l ann ing .  
M i l l e n d o r f e r  s t r o n g l y  suppor t ed  t h e  i d e a  of t h e  d a t a  bank ,  b u t  added 
t h a t  he  would l i k e  t o  s e e  i t s  s cope  ex t ended  t o  t h a t  of a  formula  bank.  Very 
o f t e n ,  s c i e n t i f i c  groups  i n  some c o u n t r i e s  a r r i v e  a t  r e l a t i o n s h i p s  between 
one dependent  v a r i a b l e  and s e v e r a l  i ndependen t  v a r i a b l e s ;  t h i s  r e l a t i o n s h i p ,  
i f  made a v a i l a b l e  t o  o t h e r  s c i e n t i f i c  g r o u p s ,  could  p r e v e n t  them from l a r g e -  
s c a l e  m i s a l l o c a t i o n s  of r e s o u r c e s .  One example would b e  t o  c o l l e c t  t h e  
s t u d i e s  of  t h e  r e l a t i o n s h i p s  on f e r t i l i z e r  i n p u t  and t h e  a g r i c u l t u r a l  pro-  
d u c t i o n  i n  d i f f e r e n t  c o u n t r i e s .  
Be rnad in i  s t a t e d  t h a t  he  d i d  n o t  wish  t o  speak  n e g a t i v e l y  abou t  t h e  i d e a  
of a  d a t a  bank a s  such ;  however,  h e  wondered whether  IIASA would b e  t h e  
a p p r o p r i a t e  i n s t i t u t i o n .  I f  IIASA were  t o  u n d e r t a k e  d a t a  c o l l e c t i o n  t o  such 
a  l a r g e  e x t e n t ,  i t  might  absorb  a l l  i t s  o t h e r  a c t i v i t i e s .  Kamrany added t h a t  
e x p e r i e n c e  w i t h  many d a t a  banks  h a s  shown t h a t  t hey  a r e  v e r y  expens ive  and 
by no means used  a s  much a s  one  expec ted .  De Hoogh drew a t t e n t i o n  t o  t h e  
f a c t  t h a t  one  t y p e  of d a t a  bank h a s  been i n  e x i s t e n c e  f o r  a  l ong  t ime ,  
namely t h a t  of t h e  FA0 i n  Rome; i t  i s  a n  open i n s t i t u t i o n  and one  can  o b t a i n  
a l l  t y p e s  of i n f o r m a t i o n  d e s i r e d .  Of c o u r s e ,  d a t a  a r e  n o t  complete ,  b u t  
i t  i s  a  u s e f u l  beg inn ing .  

General Evaluat ion 
(Chairman: Gerhart Bruckmann) 
Bruckmann inv i ted  Keyzer t o  d i s c u s s  the  ques t ion  of the  use of cross-  
s e c t o r a l  d a t a .  Keyzer explained h i s  idea :  problems may a r i s e  when a  non- 
l i n e a r  func t ion  i s  estimated on a  country l e v e l ,  and i s  used on a  reg iona l  
l e v e l .  Even more problems a r i s e  wi th  s e c t i o n  es t imates ,  e s p e c i a l l y  with 
respec t  t o  the  c o s t  and the  dynamics of t h e  system. While t h i s  may sound 
t e c h n i c a l ,  these  a s p e c t s  a r e  normally neglected i n  t h e  d i scuss ion  of models. 
Cole admitted the  se r iousness  of t h e  problem; s i n c e  t h e  d a t a  base i s  
-
o f t e n  weak, one should view i t  i n  i t s  proper con tex t .  The use  of cross-  
s e c t i o n a l  d a t a  f o r  f o r e c a s t i n g  purposes implies  t h a t  more l e s s  developed 
count r ies  w i l l  fol low t h e  p a t t e r n s  of the  more developed count r ies ;  t h i s  i s  
where the  problem eventua l ly  l i e s .  Even i f  t h i s  were t r u e  f o r  t h e  l e s s  
developed c o u n t r i e s ,  what can be sa id  about the  more advanced count r ies?  
Mil lendorfer  drew a t t e n t i o n  t o  the f a c t  t h a t  i n  h i s  i n v e s t i g a t i o n s  of 
c ross -sec tora l  d a t a ,  he and h i s  a s s o c i a t e s  were a b l e  t o  d i s t i n g u i s h  c l e a r l y  
four  major groups of c o u n t r i e s  with a  s u r p r i s i n g l y  l a r g e  homogeneity of 
product ion func t ions .  The c r i t i c i s m  of o t h e r  speakers was v a l i d  bu t  o f t e n  
one has no o t h e r  choice;  one needs t o  r e l y  upon what l imi ted  empir ical  in- 
formation i s  a v a i l a b l e ,  and t o  g e t  a s  much information a s  poss ib le .  
Bernadini and f e l t  t h a t  perhaps i t  i s  b e s t  t o  apply a  mix of c ross -  
s e c t i o n  and time analyses wherever a v a i l a b l e .  - added t h a t  one should s e t  
some bounds t o  the  degree of success  t h a t  might be u l t i m a t e l y  achieved. 
Keyzer added t h a t  more a t t e n t i o n  should be given t o  the  p r e d i c t i v e  va lue  
of models. The f a l s i f i c a t i o n  c r i t e r i a  a r e  n o t  only i n  t h e  realm of t h e  
causa l  i n s i g h t s  they provide,  bu t  one needs t o  f u r t h e r  examine the  reasons 
why so  many of t h e  p resen t  models work so  poorly,  and why f o r  ins tance  i n  
the  U.S. a  s imple model i n  t h e  monetary f i e l d  works b e t t e r  than more compli- 
cated models. 
Bat teke s t a t e d  t h a t  a  number of problems reamined unsolved: t h e  f i r s t  
one was d i r e c t l y  r e l a t e d  t o  Keyzer's l a s t  remark. The p r e d i c t i v e  value of 
models has o f t e n  been poor, because one neglected c e r t a i n  quantum jumps owing 
t o  s y n e r g i s t i c  e f f e c t s .  One example, t h e  Arab o i l  c r i s i s  brought about a  
speed l i m i t  on U.S. highways of 55 MPH, which i n  t u r n  r e s u l t e d  i n  a  d r a s t i c  
reduc t ion  of f a t a l  road acc iden ts ;  t h i s  r e s t r i c t i o n  might otherwise never 
have been introduced.  Such synergisms w i l l  always overthrow a  model, s i n c e  
one cannot r e l y  on t h e  long-term constancy of c o r r e l a t i o n  c o e f f i c i e n t s .  To 
a  c e r t a i n  e x t e n t  sc ience  f i c t i o n  might h e l p  t o  determine where and under what 
circumstances such c,uantum jumps have t o  be considered.  
Cole added t h a t  an improved f o r e c a s t  need not  be one t h a t  p red ic ted  t h e  
-
t r u e  outcome accura te ly ;  r a t h e r  i t  should y i e l d  a  g r e a t e r  understanding of 
the  complexity of the  s i t u a t i o n .  
Before proceeding, Bruckmann informed the p a r t i c i p a n t s  t h a t  s s  
k ind ly  agreed no t  t o  read and d i s c u s s  h i s  paper t o  allow more time f o r  t h e  
general  eva lua t ion .  He then proposed t h a t  d i scuss ion  take  p lace  on t h e  
problems of the a g r i c u l t u r a l  product ion func t ion .  
Waelbroeck wished t o  c l a r i f y  h i s  comments on Thissen ' s  paper. Since 
most product ion func t ions  used i n  world modeling show some leve l ing  o f f ,  
they must even tua l ly  end up with some kind of " l i m i t s  t o  growth". A s  t o  
these  asymptotes, he d id  not  b e l i e v e  t h a t  they a r e  based on s e r i o u s  d a t a .  
Levis added t h a t  h i s  ex tens ive  i n v e s t i g a t i o n s  have revealed t h a t  the  
asymptotes assumed f o r  t h e  production func t ion  moved up a s  time proceeded. 
However, a s  soon a s  one s t a r t s  t o  p l o t  t h e  movement of t h e  asymptote, t h e r e  
i s  no longer  a  l i m i t i n g  va lue .  
Mil lendorfer  s t r e s s e d  the  f a c t  t h a t  most product ion func t ions  neglected 
t h e  educa t iona l  a s p e c t s .  I n  h i s  i n v e s t i g a t i o n s ,  he found t h a t  education-- 
t h a t  i s ,  q u a l i t y  of l abor , t echnolog ica l  progress ,  the  increased advantage 
of knowledge, t h e  a b i l i t y  t o  take t h i s  knowledge i n t o  account--plays a  sub- 
s t a n t i a l  r o l e  t h a t  i s  much more important than many o t h e r  f a c t o r s  normally 
considered.  
Quance r a i s e d  another  point :  he f e l t  t h a t  a  response from the  supply 
s i d e  was missing i n  most product ion func t ions .  I f  one increases  t h e  p r i c e  
t h a t  t h e  farmer r e c e i v e s ,  t h e r e  is  usua l ly  some way t h a t  the  farmer can in- 
c r e a s e  product ion,  i n  s p i t e  of government r e g u l a t i o n s .  Thus one should pay 
more a t t e n t i o n  t o  transforming product ion func t ions  i n t o  supply response 
func t ions ;  t h e  world food problem may be more s t rongly  r e l a t e d  t o  economic 
f a c t o r s  o r  t o  product ion c o s t s  than t o  o t h e r  f a c t o r s .  That i s ,  you w i l l  not  
f i n d  a  hungry person i n  t h e  world wi th  money i n  h i s  pocket.  
Cole pointed ou t  t h a t  there  i s  a  major d i f f e r e n c e  between production 
-
func t ions  with more o r  l e s s  e x t r a p o l a t i n g  p a s t  experiences and technological  
u top ias  t h a t  descr ibe  v a s t  d e s e r t s  being turned i n t o  f lowering orchards.  
Fundamental parameters needed t o  b r idge  t h i s  gap may be found i n  t h e  c u l t u r a l ,  
s o c i a l  and technological  f a c t o r s ;  these  should be examined more thoroughly. 
Bruckmann suggested t h a t  the  d i scuss ions  focus on the  ques t ion  of how 
t o  a s s e s s  " s o f t  var iab les" ,  a  t o p i c  t h a t  was no t  unre la ted  t o  t h e  s u b j e c t  
of s o c i a l  versus  physical  l i m i t i n g  f a c t o r s  and i n s t i t u t i o n a l  versus  tech- 
no log ica l  problems. I n  h i s  opinion,  an economist 's model ends where the  
t r u e  problems begin: i f  an economist, f o r  ins tance ,  s t a t e s  t h a t  2% of t h e  
GNP can e l i m i n a t e  p o l l u t i o n ,  i t  is  a t  t h i s  p o i n t  t h a t  he cons iders  t h e  r e a l  
problem. Why is t h i s  not  being implemented? What a r e  t h e  odds t h a t  t h i s  
2% w i l l  be  spen t ,  and what changes w i l l  have t o  be made t o  a r r i v e  a t  t h a t  
po in t?  I n  our modeling work, i f  we l i m i t  ourselves t o  t h e  po in t  where t h e  
t r a d i t i o n a l  economist s t o p s ,  we w i l l  never be a b l e  t o  claim t h a t  our models 
can be used a s  po l icy  models. 
Bat teke agreed with Bruckmann. F i r s t  t h e r e  is  t h e  engineering f e a s i b i l i t y  
of a  s o l u t i o n ,  then t h e  economic f e a s i b i l i t y ,  and t h e r e a f t e r ,  a t  the l e a s t ,  
t h e  a d m i n i s t r a t i v e  quest ion and t h e  cons idera t ion  of f e a s i b i l i t i e s .  He 
t h e r e f o r e  s t rongly ' sugges ted  t h a t  one i n v e s t i g a t e  more i n t e n s e l y  both syner- 
gisms of t h i s  kind and the  implementation of s t r a t e g i c  modeling. 
Quance pointed out that he had some experience with the possible ap- 
plication of modified delphi-panelling in order to make up scenarios of 
this kind. 
Rademaker stressed the importance of making the modeling efforts suitable 
to the needs of policy makers, if the modeler wished to have his findings 
implemented with a certain probability. If a modeler dreams up a modeling 
project alone and then approaches a policy maker with the results, the pro- 
ject is almost certain to fail. However, in the agricultural field, there is 
no single policy maker, which makes implementation even more difficult than 
in other fields. 
Levis mentioned the need to bear in mind the person using a particular 
model. the Bariloche model and in MOIRA, there are strong assumptions 
made about values that deviate from the values in vogue among the decision 
makers concerned. 
Millendorfer stressed the importance of paying more attention to the 
so-called soft variables. For example, one has a wrong policy for educational 
planning--one that would divert too many resources to academic education, 
and away from primary education where they are needed; the resources are 
therefore wrongly allocated. 
Cole, supported by Bruckmann, underlined the apparent contradiction 
between the complexity of the model and its ability to penetrate: the more 
complex a model, the more difficult for it to penetrate into wider conscience. 
Roberts stressed the need to distinguish (at least) between two types 
of soft variables. There are variables that one ultimately expects to be 
able to measure, and variables that are immeasurable. The notion of 
"quality" ranked among the second group, as it contains, to a substantial 
degree, esthetic values. 
Rossmiller strongly supported this view. He believed that one way to 
incorporate soft variables in a qualitative sense is to work closely with the 
decision makers for whom one is modeling; thus in conceptualizing the model 
structure, the modeler can give some attention to the soft variables. One 
can go a step further in setting up policy experiments. One can often convert 
or use the hard variables as proxies for soft variables. 
Bruckmann wondered thether it was possible to draw a strict boundary 
line between eventually quantifiable and nonquantifiable soft variables; 
M'Pherson appears to have arrived at a quantification of many variables 
that only a few years ago, would have been considered unquantifiable. 
Cole felt it was perhaps more important to include soft variables in 
a model in order to understand the assumption being made implicitly about 
soft variables, when certain hard variables are being put in the model. For 
example, the.Bariloche model contains more or less only hard variables, but 
implies a whole system of structural changes that can only be expressed by 
soft variables. This is not only legitimate, but also more honest than is 
the case where modelers do not try to become aware of the soft variables 
they are implying. 
Bruckmann suggested considering among t h i s  c l a s s  of s o f t  v a r i a b l e s  
a l l  t h e  t a c i t  assumptions t h a t  go i n t o  a  p a r t i c u l a r  model. For example, both 
t h e  Bari loche model and MOIRA t a c i t l y  assumed t h a t  the  condi t ion  of t h e  
world 's  oceans w i l l  not  d e t e r i o r a t e .  
Quance s t a t e d  t h a t  t h e  major dilemma i s  t h a t  p o l i c y  makers a r e  i n t e r e s t e d  
i n  rece iv ing  only one p r o j e c t i o n  from modelers; they do not  wish t o  be con- 
f ron ted  wi th  a  s e t  of a l t e r n a t i v e s .  On the  o ther  s i d e ,  t h e  modeler knows 
wel l  t h a t  t h e  p r o b a b i l i t y  of any one p r o j e c t i o n  he g i v e s  t o  the  po l icy  maker 
i s  zero.  
Mi l lendor fe r  s t a t e d  t h a t  he i s  not  very p e s s i m i s t i c  about t h e  p o s s i b l e  
q u a n t i f i c a t i o n  of s o f t  v a r i a b l e s .  I n  many func t ions ,  t h e r e  a r e  r e s i d u a l s  
t h a t  can be seen a s  a  l i n k  f o r  s e v e r a l  s o f t  v a r i a b l e s .  Even i f  these  
v a r i a b l e s  cannot be i d e n t i f i e d ,  t h e i r  o v e r a l l  in f luence  can be measured. To 
g ive  an example from physics:  we s t i l l  do not know what e l e c t r i c i t y  r e a l l y  
i s ,  b u t  we use  i t .  
Sanderson agreed t h a t  f o r  many so-cal led s o f t  v a r i a b l e s  t h e r e  e x i s t s  
much p a s t  experience,  and t h i s  experience can be analysed even though t h e  
t o o l s  may not  have t h e  same p r e c i s i o n .  Returning t o  t h e  ques t ion  r a i s e d  by 
Bruckmann, why c e r t a i n  changes a r e  not being implemented, he s t a t e d  t h a t  one 
answer.may be  i n s t i t u t i o n a l  c o n s t r a i n t s ;  i n s t i t u t i o n a l  c o n s t r a i n t s  a r e  aga in  
a  ca tch  v a r i a b l e  containing t h e  whole package composed of t h e  educa t iona l ,  
p o l i t i c a l ,  psychological  and i n s i t u t i o n a l  l i m i t s  t o  development. Wherever 
t h e  genera l  economy grew f a s t ,  a g r i c u l t u r e  a l s o  grew f a s t ;  so  t h e r e  i s  
c e r t a i n l y  an i n t e r r e l a t i o n  between the  genera l  economic growth and the  speed 
of a g r i c u l t u r a l  development. This  can be s tudied more c l o s e l y  and can be  
bu i ld  i n t o  a  scenar io .  But o ther  a s p e c t s  can a l s o  be included: t h e  exten- 
s i o n  of mass educat ion i n  many count r ies  is  another  s o f t  v a r i a b l e  s u b j e c t  t o  
some degree of measurement. 
Sen commented on s o c i a l  versus  physical  l i m i t s .  It  appears  t h a t  too 
much importance may be a t t r i b u t e d  t o  i n s t i t u t i o n a l  f a c t o r s ;  they a r e  i m -  
p o r t a n t  b u t  seem t o  be overest imated.  I n  some c o u n t r i e s  o r  reg ions ,  g r e a t  
improvements were made over a  very s h o r t  span of time, without  any accom- 
panying i n s t i t u t i o n a l  changes, a s  f o r  ins tance ,  i n  I n d i a .  He did not be- 
l i e v e  t h a t  phys ica l  l i m i t s ,  a s  they seem t o  e x i s t  a t  f i r s t  s i g h t ,  r e p r e s e n t  
an u l t i m a t e  l i m i t ;  they can be changed. For example, t h e  physical  l i m i t s  
i n  p a r t s  of A f r i c a  can be changed by proper i r r i g a t i o n .  Many technological  
changes can r e s u l t  i n  g r e a t  improvements without  n e c e s s a r i l y  adding b a s i c  
product ion f a c t o r s .  
Cole added t h a t  one should not  look a t  product ion alone.  For example, 
-
t o t a l  food product ion i n  China does not  appear t o  have increased much, a l -  
though malnourishment has been g r e a t l y  reduced. On t h e  o ther  hand, there  
has not been a  g r e a t  improvement i n  t h e  n u t r i t i o n  l e v e l s  of those persons i n  
p a r t s  of Ind ia  where l a r g e  product ion increases  have been r e a l i z e d .  
Waelbroeck added t h a t  one i n s t i t u t i o n a l  f a c t o r  t h a t  i s  neglected i n  
most models i s  i n t e r n a t i o n a l  t r a d e .  Trade may not be a  major o b s t a c l e  i n  
Afr ica  o r  L a t i n  America, bu t  c e r t a i n l y  represen ts  a  s e r i o u s  problem f o r  many 
A s i a t i c  c o u n t r i e s .  This was one of the  reasons why MOIRA concentrated 
deliberately on the function of international trade. 
Bruckmann suggested that the meeting discuss the relation between the 
modeler and the policy maker, how to assess the implementation of models, 
the working techniques of modeling groups, and also their mutual relationship. 
In Brioschi's opinion, it was best to proceed by modeling on a highly 
aggregative basis, while at the same time structuring such that the model 
can be broken down on a more restricted regional basis. Collecting data is 
not sufficient; it is important to establish a framework so that at the 
national level the model has a certain organization that can be studied and 
comparable data can be collected. 
Quance referred to Rossmiller's suggestion to create a central computer- 
ized library of agricultural data, relations and simulation models. One 
intermediate step toward that goal might be to test the feasibility of such 
an idea: to first sponsor an international symposium on food and agricultural 
models, atwhicha task force would develop global and national scenarios; 
all interested groups might use their own models and make projections of 
these alternative futures. At a workshop, differences could be compared and 
brought into an overall picture. Gaps and overlapping areas could be identi- 
fied in the models, and future steps might be designed to alleviate these. 
This method would be much better than to arrive at some specific overall 
world model that would be believed in too strongly. 
Roberts drew attention to the fact that this is exactly what happened 
in the so-called LINK model, a short-term econometric model that ties together 
many nations, including their exports and imports. He reminded the partici- 
pants of the great difficulties that had to be overcome in establishing this 
type of cooperation. 
Waelbroeck agreed but added that in the LINK project, these difficulties 
could be overcome and the model was functioning for about five years now. 
There is a large amount of work involved in ensuring that the national 
models linked together remain comparable. 
Bruckmannthanked the participants of the conference. 
Rabar summarized the scientific result of the conference, saying that 
--
he and (hopefully) all the participants felt they had learned much abcut 
different approaches, methods, problem settings and the like. He expressed 
a certain disappointment that so little had been achieved in assessing 
properly the main world issues in the field of food and agriculture; there 
remains much to be done. There are many diverging opinions that must remain 
so since the data base for resolving these controversies does not exist. 
He was pleased to state, however, that onegeneral concensus emerged from 
the conference: the developed nations have a moral obligation toward the 
developing nations. More research must be conducted in every field concern- 
ing the different limits including institutional and noninstitutional limits. 
Levien, in a closing address, stressed the productive and exciting 
nature of the conference. From-the point of view of IIASA, there are two 
benefits thatnaveemerged: the fact that this excellent group of experts 
was brought together may have facilitated a kind of scientific cooperation 
and collaboration which may eventually help to resolve this most important 
question. The second benefit is that since IIASA is beginning a program 
in food and agriculture and also is continuing its extended interest in 
global modeling, it is able to profit greatly from the wide expertise 
present at this conference. 
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